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This  report  provides  information  on  the  fieid  tests,  sedi 
ment  yields  study,  and  management  option  analysis  con¬ 
ducted  to  supply  data  for  a  natural  resources  management 
demonstration  test  conducted  at  Fort  Riley,  KS.  The  pur¬ 
pose  of  the  test  was  to  reduce  the  effects  of  training  activi 
ties  from  the  new  f.'  j.tipurpose  Range  Complex  on  the 
installation. 

Volume  I  of  this  report  describes  the  test  results. 
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1  ECOLOGICAL  CONDITION  OF  THE  LAND  AND  WILDLIFE 
IN  AND  ADJACENT  TO  THE  MULTIPURPOSE  RANGE 
COMPLEX,  FORT  RILEY,  KANSAS* 


Introduction 

Federal  environmental  mandates  require  that  impacts  associated  with  changes  in 
military  training  activities  be  assessed.  This  study  was  designed  to  determine  the 
ecological  impacts  of  construction,  use,  maintenance,  and  operation  of  the  proposed 
Multipurpose  Range  Complex  (MPRC)  at  Fort  Riley,  KS.  This  is  a  newly  designed  facility 
for  conducting  training  activities  on  Abrams  and  Bradley  tracked  vehicles.  The  facility 
will  encompass  4500  by  1000  m  with  additional  acreage  for  a  control  facility,  vehicle 
nolding,  several  shelters,  and  a  safety  fan.1 

The  goals  of  this  study  were  to:  V(L>'' establish  a  program  of  scientific  investigation 
using  standardized  techniques  of  data  acquisition  and  analysis  and  (2)  evaluate  the 
baseline  ecological  condition  of  the  proposed  MPRC  system  grounds  and  establish  a 
program  capable  of  monitoring  long-term  ecological  dynamics  and  impacts  of  military 
activities. 


The  Study  Region  and  Study  Areas 

Fort  Riley  is  located  in  northeastern  Kansas  (Figure  1)  in  Riley  and  Geary 
Counties.  The  main  post  is  just  north  of  the  confluence  of  the  Republican  and  Smoky  Hill 
Rivers.'  The  Fort  contains  more  than  100,000  acres  (40  914  hectares)  and  occupies 
historic  range  and  crop  acreage,  including  native  prairie  and  riparian  forest  systems. 
Some  land  is  currently  used  for  agriculture  and  for  plantings  to  enhance  wildlife 
habitat.  Most  of  the  facility  is  managed  for  several  wildlife  species,  with  emphasis  on 
game  animals.  ’  Major  crops  grown  in  and  around  the  facility  include  wheat,  grain 
sorghum  (miio),  corn,  alfalfa,  and  soybeans.  The  MPRC  and  the  study  areas  are  located 
in  the  northwestern  sector  of  Fort  Riley. 


■‘Prepared  by  Karin  A.  Heiman,  Chuck  Sams,  and  Neil  Thomas,  Applied  Ecological 
Sendees,  Juda,  WI. 

Fort  Riley  Multi-Purpose  Range  Complex  Erosion  Control  Manual  (U.  S.  Army  Engi¬ 
neer  Waterways  Experiment  Station,  1982). 

Draft  Environmental  Assessment:  Multipurpose  Training  Range  Complex  (MCA  Project 
Number  T5 1 9  (Fort  Riley,  KS,  6  August  1982). 

Five  Year  Wildlife  Management  Plan,  Fort  Riley  Military  Reservation,  KS  (Fort  Riley, 
March  1982). 
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Figure  1.  General  location  of  Fort  Riley,  KS. 


Topography  and  Climate 

At  Fort  Riley,  the  Flint  Hills  are  dissected  by  numerous  streams  cutting  down  to 
the  bottoms  of  the  Smoky  Hill  and  Kansas  Rivers.  Rock  outcrops  border  some  steeper 
hillsides  and  some  river  floodplains.  North  and  west  of  the  Flint  Hills  region  is  an  area  of 
undulating  upland  prairie  with  deeper  soils  and  fewer  outcrops.  About  35  percent  of  the 
post  is  upland  prairie,  55  percent  broken  hilly  country,  and  10  percent  riparian  and  river 
valley.  Elevations  range  from  1025  ft  (312  m)  in  the  bottomlands  of  the  Kansas  River  to 
1350  ft  (411  m)  on  hilltops.1* 

Climate  greatly  influences  the  vegetation  of  Kansas.  Mean  annual  rainfall  is  20  in. 
(51  cm)  in  western  Kansas  and  increases  to  40  in.  (102  cm)  to  the  east.  Precipitation  is 
heaviest  in  early  summe, ,  with  about  75  percent  of  the  annual  33  in.  (838.2  mm) 
occurring  during  the  growing  season.  Summer  precipitation  frequently  occurs  as 
thundershowers.  Winters  are  generally  clear  and  dry  with  snowfall  averaging  from  22  to 
36  in.  (558.8  to  914.4  mm)  annually.  Slightly  greater  precipitation  falls  in  the  eastern 
areas  of  Riley  and  Geary  Counties.  Mean  monthly  temperatures  range  from  25°F  (-4°C) 
in  winter  to  more  than  80°F  (27°C)  in  summer.  Fort  Riley  has  moderately  cold  winters 
and  hot  summers. 


4  Draft  Environmental  Assessment:  Multipurpose  Training  Range  Complex. 
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Soils 


Soils  on  Fort  Riley  include  river  bottom  soils,  terrace  and  stream  valley  soils, 
upland  prairie  soils,  and  soils  on  hilly,  often  rocky  areas.5  River  bottom  alluvial  soils 
were  carried  from  the  high  plains  to  the  west  and  northwest  and  range  from  pure  sand 
through  sandy  and  silty  loams.  These  soils  support  woodlands  and  grasslands.  Terrace 
soils  are  formed  from  materials  eroded  from  limestone,  shale  hills,  and  ancient  river 
sediments,  and  they  occur  in  bottomlands.  These  soils  are  variable,  ranging  in  texture 
from  sandy  loams  to  silty  clays  to  clay  loams.  Upland  prairie  soils  were  formed  on  loess 
deposits  by  the  natural  breakdown  of  the  stone  hills.  In  the  Flint  Hills,  soils  are 
relatively  thin  and  "cherty";  away  from  these  hills,  upland  prairie  soils  are  thicker,  with  a 
heavier  texture  and  more  clay  in  the  subsoils. 

The  study  sites  have  six  general  soils  types.  Although  they  vary,  they  have  some 
characteristics  in  common.  Because  of  their  high  montmorillonite  clay  content,  the  soil 
structure  is  blocky,  and  soils  may  have  a  high  shrink-swell  potential  that  may  create 
instability.  Permeability  is  slow,  and  erosion  potential  is  usually  high.  On  some  soils, 
water  availability  is  very  low,  which  favors  drought-tolerant  plants.  Most  topsoils  are 
slightly  acidic,  except  the  Clime-Sogn  soil  complex,  which  is  quite  alkaline. 

The  loamy  upland  soils  (Wymore)  are  generally  deep  loess  soils.  When  in  good 
condition,  they  produce  an  average  of  5000  Ib/acre  of  air-dried  herbage.  This  is 
contrasted  with  shallow  limy  uplands  (Clime-Sogn  complex),  which  average  about  2500 
Ib/acre  or  the  alluvial  lowlands,  which  can  average  8000  Ib/acre.  The  loamy  upland  soils 
generally  have  low  shear  strength  and  are  very  susceptible  to  compaction  and  compres¬ 
sion.  They  have  good  potential  for  agriculture  and  for  wildlife  use. 

Wymore  silty-clay  loam  comprises  most  of  the  prairie  test  and  control  site  soils  and 
some  of  the  riparian  test  area.  These  are  generally  dark  soils  with  topsoil  13  in.  deep  and 
subsoil  25  in.  deep.  Tilling  and  perhaps  military  use  has  eroded  the  topsoil  over  most  of 
the  area,  so  there  is  a  mixture  of  top  and  subsoils. 

Reading  silt  loam  on  0  to  3  percent  slopes,  and  Irwin  silty  clay  loams,  which  was 
formed  from  clay  shales,  occur  on  gently  sloping  soils  in  the  study  areas.  Both  have 
subsoils  at  11  in.  that  extend  to  more  than  40  in.  deep.  Irwin  soils  have  a  blocky 
structure  that  increases  their  susceptibility  to  washing  and  runoff. 

Areas  with  Clime-Sogn  complex  soils  are  calcareous  and  are  found  on  5  to  20 
percent  slopes.  Clime  soils  usually  occur  below  limestone  outcrops,  while  Sogn  soils  have 
thin  topsoils  and  occur  directly  on  bedrock.  Both  soils  have  high  erosion  potential. 

Alluvial  lowland  soils  are  a  mixture  of  soils  from  adjacent  uplands  and  upstream 
areas;  their  us.-  is  restricted  due  to  frequent  flooding.  An  associated  type  of  soil--the 
Breaks  Alluvial  complex— occurs  in  V-shaped  drainages  associated  with  tilled  land. 
Because  slopes  range  from  0  to  50  percent  and  soil  water  permeability  is  poor,  most  of 
these  areas  are  not  suitable  for  cultivation. 

Prairie  test  and  control  sites  were  mainly  Wymore  soils  in  various  erosional 
conditions.  The  prairie  control  site  encountered  Ready  soils  on  the  western  section  of 
one  transect,  and  was  bordered  to  the  south  by  Clime-Sogn  Series.  The  other  transects 


Soil  Conservation  Service,  Soil  Survey  of  Riley  County  and  Part  of  Geary  County, (U.  S. 
Department  of  Agriculture,  June  1975). 
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may  have  had  patches  of  irwin  Series.  The  prairie  test  portion  also  had  patches  of  Break- 
Alluvial,  Irwin,  and  the  Clime-Sogn  Series. 

The  riparian  control  sites  were  made  up  of  Reading  (and  on  occasion  Wymore)  soils 
in  level  areas,  Irwin  soils  on  some  slopes,  alluvial  soils  in  creek  bottoms,  and  break- 
alluvial  soils  along  two  transects  that  followed  drainages  toward  Madison  Creek.  The 
riparian  test  site  was  covered  by  Wymore  soil,  some  Reading  soil,  and  patches  of 
Alluvial,  Irwin,  and  Clime-Sogn  soils. 


Vegetation 

The  presettlement  vegetation  of  Fort  Riley  was  "tallgrass"  prairie  on  uplands  and 
deciduous  forests  in  drainages,  floodplains,  and  adjacent  hillsides.0  The  prairie  is  a  part 
of  the  "bluestem"  prairie  that  covers  the  Kansas  Flint  Hills  and  makes  up  75  percent  of 
numerous  species,  including  big  and  little  bluestem  (Andropogon  gerardii  and  Andropogon 
scoparius),  Indiangrass  (Sorghastrum  nutans),  and  others.  Riparian  forests  are  dominated 
by  oak  (Quercus  macrocarpa),  elms  (Ulmus  rubra),  maple  (Acer  saccaharinum),  ash 
(Faxinus  spp.),  and  common  hackberry  (Celtis  occidentalis). 

Fort  Riley  has  five  natural  and  four  cultural  vegetation  types.' 

This  study  focused  on  two  of  the  natural  classes:  the  riparian  system  and’ the 
adjacent  grasslands.  Agriculture  is  the  predominant  use  of  adjacent  lands. 

Ecological  impacts  of  tracked  vehicles  can  best  be  understood  in  the  context  of 
vegetation  succession  after  disturbances.  These  impacts  include  modifications  of  the 
vegetation  from  land  clearing,  direct  contact  between  vegetation  and  military  vehicles, 
and  indirect  impacts  such  as  erosion. 

Potential  study  sites  for  this  investigation  had  to  have  a  representative  mix  of 
vegetation  associations  in  the  MPRC  and  adjacent  areas.  Most  prairie  study  areas  were 
disturbed  prairie  and  fallowed  agricultural  lands.  Riparian  areas  had  been  timbered  and 
showed  secondary  growth.  Most  woody  plants  in  riparian  areas  were  less  than  90  years 
old,  with  the  majority  less  than  30.  Shrubs  and  saplings  were  most  abundant  in  a  fringe 
of  woody  vegetation  encroaching  on  the  prairies  from  the  riparian  areas.  Based  on  tree 
ring  analysis,  mo^t  shrubs  were  also  less  than  25  years  old. 

Plant  succession  generally  follows  agricultural  abandonment  of  lands.  This  includes 
the  initial  establishment  by  annual  plants  in  recently  disturbed  areas,  and  their  gradual 
replacement  by  biennials,  and  then  short-  and  long-lived  perennials,  including  trees  and 
shrubs.  At  Fort  Riley,  asters  (Aster  spp.),  goldenrods  (Solidago  spp.),  thistle  (Cirsium 
spp.  Cardus  nutans),  and  several  other  plants  occurred  in  recently  fallowed  lands.  Unlike 
areas  in  the  eastern  deciduous  forest,  where  most  secondary  successional  studies  have 
been  done,6  woody  vegetation  may  not  be  as  important  in  prairie  succession  because  of 


°A.  W.  Kuchler,  "A  New  Vegetation  Map  for  Kansas,"  Ecology,  Vol  55  (1974),  pp  586-604. 
7D.  L.  Williams,  Report  To  Accompany  Vegetation  Maps  of  Selected  Portions  of  Fort 
Riley,  KS  (1978). 

6D.  W.  Johnson  and  E.  P.  Odum,  "Breeding  Bird  Populations  in  Relation  to  Plant 
Succession  on  the  Piedmont  of  Georgia,"  Ecology,  Vol  37,  No.  1  (1S56),  pp  50-61;  J.  R. 
Karr,  "Habitat  and  Avian  Diversity  on  Strip  Mined  Land  in  East  Central  Illinois," 
Condor,  Vol  70,  No.  4  (1968),  pp  348-357. 
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the  reduced  importance  of  woody  vegetation  in  this  region.  Where  planted,  wood  species 
were  important  only  in  stream  courses  and  in  several  areas  that  were  being  invaded  by 
trees  from  the  riparian  systems. 


The  Study  Sites 

The  prairie  study  sites  were  extensive,  disturbed  areas  dominated  by  exotic  plant 
species,  with  several  small,  relatively  natural,  native  prairie  communities.  Most  prairie 
study  sites  had  been  farmed.  Based  on  woody  plant  ages,  most  farmed  areas  were 
fallowed  15  to  '25  years  ago.  Several  areas  were  more  recently  fallowed  and  had  a 
weedier  vegetation  that  included  thistles  (Ambrosia  artemisiifolia)  and  ragweed 
(Ambrosia  psilostachva).  Madison  Creek  and  some  larger  tributaries  were  the  only  areas 
with  continuous  riparian  vegetation.  Prairie  dominated  the  uplands.  There  was  often  a 
very  abrupt  boundary  between  prairie  and  riparian,  possibly  indicating  wildfire.  In  some 
cases,  this  was  related  to  farming  activities.  Narrow  riDarian  corridors  were  on  the 
western  side  of  Madison  Creek,  while  better  developed  systems  were  on  the  eastern 
banks.  This  is  likely  the  effect  of  wildfires  that  burned  from  a  predominantly  westerly 
direction  until  encountering  natural  firebreaks  such  as  Madison  Creek.  Many  older  trees 
on  the  west  bank  had  multiple  fire  scars.  Small  reentrants  in  the  prairie  were  dominated 
by  prairie  plants  and  low-growing  shrubs  (Symphoricarpos,  Cornus  sp.),  with  occasional 
cottonwoods,  ash,  willow,  and  osage  orange. 

Several  areas  with  standing  water  had  growths  of  sedges,  rushes,  and  some  rooted 
aquatic  plant  species.  Prairie  cord  grass  (Spartina  pectinata)  was  often  associated  with 
such  areas,  in  general,  prairie  grasses  occurred  along  moisture-  and  soil-type  gradients, 
with  side-oats  gramma  (Bouteloua  curtipcndula)  and  little  bluestem  on  highest,  driest 
areas,  especially  on  rock  exposures;  bluestem  and  indiangrass  occupied  intermediate 
moisture  soils;  cord  grass  (Spartina  pectinata)  was  found  only  in  wetter  areas. 

Small  patches  of  upland  prairie,  usually  on  shallow  soil  over  exposed  rock,  were  not 
plowed  and  perhaps  were  only  grazed  or  hayed  in  the  past.  These  parcels  retained  an 
appearance  and  a  plant  species  composition  that  were  probably  similar  to  the  prairie 
before  farming  disturbances.  All  prairie  transects  contained  small,  undisturbed  prairie, 
recently  fallowed  farm  fields,  and  land  that  was  plowed  in  the  early  1900s.  The  recently 
disturbed  areas  had  an  abundance  of  annual  weed  species;  older  plowed  grounds  had  fewer 
and  less  productive  growths  of  these  weed  species  and  were  dominated  by  native  prairie 
grasses.  However,  the  widespread  presence  of  ironweed  (Vernonia  spp.),  bluegrasses  (Poa 
spp.),  Japanese  brome  grass  (Bromus  japonieus),  ragweeds  (Ambrosia  spp.),  and  thistles 
suggested  that  the  historic  prairie  disturbances  had  been  extensive  and  the  prairie  soil 
significantly  disturbed  to  select  for  disturbed-site  plants.  Tank  ruts  in  the  prairies  were 
vegetated  by  plants  that  were  also  found  in  recently  fallowed  lands.  Ruts  were  usually 
being  invaded  by  vegetation  from  alongside  the  tracks.  Production  and  stature  of  plants 
in  the  ruts  were  suppressed,  and  plant  species  richness  may  have  declined.  Some  ruts 
were  bare  for  several  growing  seasons  based  on  ages  of  tree  saplings  in  the  tracks. 

Methods 

Sixteen  sites  (eight  test  and  eight  control)  were  chosen  in  and  adjacent  to  the 
M PRC  to  study  riparian  and  prairie  vegetation  types.  The  test  sites  for  both  vegetation 
types  were  located  in  areas  expected  to  receive  impacts  from  the  MPRC.  The  condition, 
of  the  control  areas  was  to  be  left  relatively  undisturbed  by  military  activities.  Four 
control  and  four  test  transects,  800  m  long,  were  established  and  flagged  in  each  study 
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area.  Transect  locations  chosen  in  various  representative  areas  were  the  locations  for  all 
ecological  studies,  and  were  permanently  marked  with  1/4-in. -diameter  rebar  (Figure 
2).  Field  reconnaissance,  aerial  photographs,  and  maps  were  used  to  ensure  that  the 
study  areas  were  similar  physiographically  and  vegetationally,  and  had  relatively  similar 
anthropogenic  and  natural  disturbance  histories.  An  additional  criterion  for  site 
selection  was  that  all  areas  had  to  be  within  USA-CERL's  Geographical  Information 
System  (GIS)  study  area.  Because  of  the  relatively  narrow  MPRC  area,  some  test  areas 
were  located  on  adjacent  land  that  will  likely  be  modified  only  by  MPRC  use,  and  not  by 
construction. 


Disturbance  History 


Historic  uses  of  land  in  the  study  areas  were  investigated  to  determine  their 
influence  on  the  existing  ecological  systems.  Anthropogenic  and  natural  disturbances  in 
and  around  the  study  areas  were  investigated  using  1956  aerial  photographs  (1:20,000). 
Ages  of  woody  plants  (determined  with  an  increment  core  sampler)  were  used  to 
determine  when  agricultural  fields  may  have  been  fallowed;  woodland  tree  ages  were 
used  to  date  major  disturbances. 


Vegetation  Studies 
Woody  Plants 

Woody  vegetation  was  sampled  using  four  100-  by  2-m  belt  transects  (800  m  square) 
for  each  riparian  study  area.  Sixteen  transects  (four  along  each  800-m  transect)  were 
sampled.  A  combination  of  riparian  edge  and  interior  was  sampled  along  each  transect. 
Woody  vegetation  data  consisted  of  tree  and  shrub  stem  counts,  diameters,  and  canopy 
cover  to  the  nearest  0.1  m.  V/oody  species  in  each  sample  transect  were  identified,  and 
those  with  stems  taller  than  1  m  or  diameters  greater  than  1  in.  (25.4  mm)  were 
measured  for  diameter  at  breast  height  (DBH).  Stem-size  class  frequency  distributions 
were  prepared  with  these  data.  Woody  species  canopy  cover  was  measured  in  two  ways: 
(1)  by  canopy  intercept— a  measurement  of  woody  plant  cover  that  intercepts  each  100-m 
transect  and  (2)  by  using  a  sighting  tube  with  cross  hairs  and  tallying  the  number  of  tree 
stems  intercepted  above  80  sampling  points  along  each  800-m  transect.  The  heights  and 
diameters  of  the  tallest  trees  along  but  not  necessarily  in  each  riparian  study  transect 
were  measured  with  a  Leitz  abney  level  and  DBH  tape.  The  ages  of  these  and  represen¬ 
tative  smaller-diarneter  trees  were  determined  by  increment  core  sampling  techniques. 
These  data  were  used  to  investigate  the  disturbance  history,  successional  status,  and 
recuperative  potential  of  the  forested  areas.  Transects  for  the  study  of  woody  vegeta¬ 
tion  were  not  established  in  prairie  areas. 


Herbaceous  Vegetation 

All  vegetation  less  than  1  m  tall  was  sampled  in  1-m  circular  quadrats,  iocated 
every  15  m  along  each  800-m  transect  in  the  riparian  and  prairie  study  areas.  Plant 
species  were  identified  in  each  of  the  50  quadrats  of  every  transect,  and  their  percent 
cover  estimated  and  recorded.  The  data  were  used  to  analyze  relative  plant  cover  and 
frequency  (percent  of  sample  quadrats  in  which  each  plant  species  occurred)  in  each 
study  transect.  Fifty  quadrats  were  established  in  each  800-m  transect.  Plant  voucher 
collections  of  most  plant  species  in  the  study  transects  were  made.  Plant  specimens 
were  pressed,  labeled,  and  mounted  on  herbarium  paper.  All  identification  and 
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location  of  the  Multipurpose  Range  Complex  (outlined  in  the  central  area  of 
the  map)  and  the  USA-CF.RL  Geographical  Information  System  high- 
resolution  window.  Locations  and  identification  of  the  16-  to  800-meter 
study  transects  in  the  prairie  and  riparian  control  and  test  study  sites  are 
shown  (scale  1:50,000). 


nomenclature  follow  Rare  and  Gleason. ?  Herbarium  specimens  (153  species)  were 
deposited  at  the  USA-CERL  and  Fort  Riley  Herbariums.  Searches  for  Federal  and 
Kansas  special-status  plant  species  were  conducted  during  all  field  studies. 


Avian  Studies 

Birds  were  studied  using  Emlen10  transect  techniques.  Surveying  was  done  daily 
for  3  to  4  hours  by  two  independent  observers  at  a  slightly  slower  speed  than  suggested 
by  Emlen,  because  of  the  noise  created  from  moving  through  the  vegetation.  Locations 
of  all  birds  observed  or  heard  were  plotted  on  prepared  survey  forms.  Plotting  and 
analysis  were  done  within  25-m-wide  belts  parallelling  both  sides  of  the  800-m  study 
transect  to  a  distance  of  100  m.  The  number  of  individuals  for  each  species  was 
determined,  and  then  averaged  over  the  four  800-m  transects  in  each  study  area.  For 
standardization  with  other  studies,  bird  density  has  been  reported  as  the  number  of  birds 
in  100  ha.  Surveying  along  each  study  transect  was  terminated  when  all  or  most  of  the 
individual  birds  were  consistently  replotted  in  the  same  areas  during  multiple  surveys, 
three  surveys  were  conducted  in  each  study  transect.  Bird  nomenclature  follows  the 
U.  S.  Fish  and  Wildlife  Service  Bird  Banding  Manual.1  1 


Small  Mammals  Studies 

Small  mammals  were  sampled  using  60  traps  (four  rat  traps,  23  museum  specials, 
and  33  mousetraps)  for  four  consecutive  days  (960  trapdays)  along  each  of  the  sixteen 
800-m  transects  for  a  total  of  3840  trapdays.  Traps  were  baited  with  peanut  butter  and 
oatmeal  and  set  at  5-m  intervals.  Traps  were  checked  each  morning,  rebaited,  and 
reset.  Most  captures  were  submitted  as  voucher  specimens  to  USA-CERL.  Mammal 
nomenclature  follows  Hall  and  Nelson. 


Vegetation  Mapping 

Vegetation  in  the  MPRC  and  peripheral  acreage  included  in  the  GIS  high-resolution 
window  was  mapped  on  1:24,000,  color,  infrared  aerial  photographs  provided  by  USA- 
CERL.  Classification  of  vegetation  generally  follows  Williams. 13 


3J.  A.  Bare,  Wildflowers  and  Weeds  of  Kansas  (Regents  Press  of  Kansas,  1976);  H.  A. 
Gleason,  The  New  Britton  and  Brown  Illustrated  Flora  of  the  Northeastern  United 
States  and  Adjacent  Canada  (Hafner  Press,  1952). 

;0J.  T.  Emlen,  "1971  Population  Densities  of  Birds  Derived  From  Transect  Counts,"  Auk. 
Vol  88(1971),  pp  232-342. 

1  ''North  American  Bird  Banding  Manual,  Vols  l  and  2  (U.  S.  Department  of  the  Interior, 
Fish  and  Wildlife  Service,  1976). 

12E.  R.  Hall  and  K.  R.  Nelson,  The  Mammals  of  North  America,  Vols  I  and  II  (Ronald 
Press,  1959). 

1 3  D.  L.  Williams. 
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Results 


Vegetation  Studies 

Woody  Vegetation.  There  was  no  measurable  woody  vegetation  in  the  prairie  test 
or  control  study  areas.  Based  on  canopy  intercept  along  2-  by  100-m  belt  transects 
(Tables  1  and  2),  plant  species  composition  and  total  intercept  (canopy  cover)  measure  in 
the  riparian  test  and  control  were  very  similar.  The  percent  of  the  1600-m  transects 
covered  by  woody  vegetation  in  these  study  areas  was  also  similar,  with  both  having  60  to 
SO  percent  canopy  intercept.  Slippery  elm  (L'lmus  rubra)  dominated  the  test  areas, 
followed  by  hackberry  (Celtis  oceidentalis).  Ash  (Fraxinus  pennsyvlaniea)  and  black 
walnut  (Juglans  nigra)  were  co-dominants  along  the  riparian  test  transects.  Based  on 
total  intercept,  hackberry  also  dominated  the  control,  followed  by  slippery  elm,  dogwood 
(Cornus  spp.),  honeylocust  (Gledistsia  triacanthos),  and  eoralberry  (Syrnphoricaroos 
orbiculatus).  Based  on  species  richness,  the  riparian  control  site  was  slightly  more 
diverse,  having  22  species  compared  to  20  in  the  riparian  test  area.  Two  of  the  dominant 
species  in  the  test  area--walnut  and  burr  oak  (Quereus  maeroearpa)— were  not  found  in 
the  control  transects. 

Stem-size  class  frequency  distributions  of  woody  plants  (Tables  3  and  4)  showed 
that  the  study  areas  had  very  similar  total  densities  cf  smaller  live  woody  plants  (0  to  5 
cm  DBH),  with  1400  to  1632  stems  noted  in  an  area  of  1600  m".  The  number  of  dead, 
smaller-size  stems  was  higher  in  the  test  study  area,  with  177  compared  to  75  in  the 
control.  The  largest  tree,  whose  diameter  was  65  to  70  cm,  was  in  the  riparian  test 
area.  Woody  plant  density  in  the  riparian  test  site  was  slightly  more  variable,  based  on 
standard  deviation  of  mean  densities.  This  suggests  that  the  test  area  was  better- 
developed  riparian,  having  a  larger,  older  component,  and  that  it  was  a  slightly  patchier 
forest  than  the  control  areas. 

Density  for  »f,eo  ana  shrub  species  along  the  same  study  transects  (Table  5)  showed 
slight  species  dominance  shifts  from  the  cover  data.  However,  these  data  generally 
support  an  assessment  similar  to  the  stem  frequency  distribution  analysis.  The  test  area 
had  slightly  higher  live  and  much  higher  dead  stem  density  than  the  riparian  control.  The 
clonal  shrubs,  eoralberry  (Symphoricarpos  orbiculatus),  dogwood  (Cornus  spp.),  and 
leadplant  (Amorpha  frutieosa)  showed  higher  densities  in  the  controls.  Slippery  elm 
(Uimus  rubra),  eiders  (Sambuscus  canadensis),  smooth  sumac  (Rhus  glabra),  plum  (Prunus 
americana),  walnut  (Juglans  nigra),  Kentucky  coffee  tree  (Gymnnocladus),  and  green  ash 
(Fraxinus)  had  higher  densities  in  the  riparian  test  area. 

The  riparian  test  area  had  almost  100  more  intercepted  branches  (Table  6),  but 
slightly  more  viable  intercept  among  sample  points.  The  mean  number  of  intercepted 
branches  (based  on  294  sampling  points)  was  also  slightly  higher  in  the  riparian  test  than 
ir.  the  control  area.  A  total  of  291  samples  were  taken  in  the  control  area. 

In  the  riparian  tost  area,  average  tree  diameter  was  slightly  larger  (Table  7),  while 
tree  heights  were  slightly  smaller.  The  average  tree  height  and  diameter  were  about  10 
m  and  40  cm,  respectively. 
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Table  1 

Total  and  Mean  Intercept  of  Woody  Vegetation  (in  meters)  Along  Four  2-  by 
100-m  Transects  Along  Each  of  the  four  800-m-Long  Study  Transects  in  the 
Riparian  Control  Study  Areas  (13-25  June  1984) 


Total  and  Mean  Intercept  of  Woody  Vegetation  (in  meters)  Along  Four  2-  by 
100-m  Transects  Along  Each  of  the  Four  800-m-lxjng  Study  Transects  in  the 
Riparian  Test  Areas  (13-25  June  1984) 


Table  3 

frequency  Distribution  (Number  of  Stems)  of  Live  and  Dead  Woody  Stems  Greater 
Than  1  m  Tail  or  2.5  cm  in  Diameter,  Measured  Along  Four  2-  by  100-m  Transects 
Along  Each  of  Four  80d-m  Study  Transects  (13-26  June  1984) 


\ 

\ 


RIPARIAN  TEST  STUDY  AREA 
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Table  4 


Frequency  Distribution  (Number  of  Stems)  of  Live  and  Dead  Woody  Stems  Greater 
Than  l  m  Tall  or  2-5  cm  in  Diameter,  Measured  Along  Four  2-  by  100-m 
Transects  Along  Each  of  Four  800-m  Study  Transects  (13-26  June  1984) 


a 

■ « 


RIPARIAN  CONTROL  STUDY  AREA 


M£a 

PCI 

RC2 

SC  3 

SC  4 

Total 

Tct/dtad 

HE  All 

STD 

sue  a. 

2.5  to  5 

Tat  il 

379.0 

193.0 

293.0 

333.0 

1409.0 

332.0 

133.4 

tort 

189.3 

94.3 

141.3 

274.3 

toad 

3  to  10 

4.0 

4.0 

iM 

u.t 

7T.0 

Total 

21.0 

7.0 

9.0 

22.0 

34.0 

14.9 

4.9 

tort 

10.5 

3.3 

4.3 

II. 0 

toad 

10  to  13 

0.0 

0.0 

2.0 

2.0 

4.0 

Total 

4.0 

4.0 

4.0 

4.0 

22.0 

3.3 

0.9 

tort 

3.0 

3.0 

3.0 

2.0 

toad 

13  to  20 

1.0 

0.0 

1.0 

0.0 

1.0 

Total 

0.0 

2.0 

1.0 

2.0 

3.0 

1.3 

0.9 

tort 

0.0 

1.0 

0.3 

1.0 

toad 

20  to  23 

0.0 

0.0 

0.0 

0.0 

0.0 

total 

0.0 

0.0 

1.0 

0.0 

1.0 

0.3 

0.4 

toa« 

0.0 

0.0 

0.3 

0.0 

toad 

23  to  50 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

1.0 

0.0 

0.0 

1.0 

0.3 

0.4 

to  an 

0.0 

0.3 

0.0 

0.0 

toad 

»  to  33 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

tort 

0.0 

0.0 

0.0 

0.0 

toad 

a  to  m 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

1.0 

1.0 

0.3 

0.4 

toan 

0.0 

0.0 

0.0 

0.5 

toad 

44  to  43 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

1.0 

0.0 

0.0 

1.0 

0.3 

0.4 

to« 

0.0 

0.3 

0.0 

0.0 

toad 

43  to  30 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

toM 

0.0 

0.0 

0.0 

0.0 

toad 

30  to  33 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

2.0 

2.0 

0.3 

0.9 

tort 

0.0 

0.0 

0.0 

1.0 

toad 

33  to  40 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

2.0 

2.0 

0.3 

0.9 

tort 

0.0 

0.0 

0.0 

1.0 

toad 

40  to  43 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0  1 

0.0 

0.0 

0.0 

0.0 

0  0 

tow 

0.0 

0.0 

0,0 

0.0 

toad 

43  to  70 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

tow 

0.0 

0.0 

0.0 

0.0 

it  ad 

70  to  73 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

tort 

0.0 

0.0 

0.0 

0.0 

toad 

73  to  84 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

toan 

0.0 

:.o 

0,0 

0.0 

Otad 

94  'o  93 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

toan 

0.0 

0.0 

0.0 

0.0 

toad 

0.0 

0.0 

0.0 

0.0 

0.0 

T0T41.S 

«■.  n .  <} 

■IK.  1 

TOO.. 3 

jiJh.O 

1302.0 

.11.0 

SIS 

-  i.1 

♦  1.7 

l: .  . 

.... . 

•  7 .  t> 

V*.  ) 

m.  ? 

42.4 

290.1 
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Table  5 


o 

Density  (Stems/3200m‘‘)  of  Live  and  Dead  Woody  Plants  Greater  Than  1  m  Tall 
or  Greater  Than  2.5  cm  DBH  as  Measured  in  Four  100-by  2-m  Wide  Transects 
Along  Each  of  the  800-m  Study  Transects  (13-26  June  1984) 


PI  PARIS* 

CONTROL 

FIPAPISN 

TEST 

SPECrES 

LIVE 

DEAD 

LIVE 

DEAD 

Acer  regundb 

4 

3 

Acer  jaccbarinj* 

{**»eon 1 ' 

Anornba  f rui t i co«a 

107 

7 

Catalca  specuaa 

5 

3 

Celtis  orcidentali; 

51 

7 

122 

9 

Cornu?  «pp. 

<.70 

59 

118 

Fraarus  pennsvl v^rri ca 

15 

1 

44 

7 

Sleditsia  tri  acad'cs 

58 

3 

22 

4 

Gy«ncrlad'js  dioicui 

3 

20 

1 

Juglan?  m 

49 

3 

Ju;iic?'u5  virgmiana 

6 

Madera  poeifera 

10 

65 

11 

Xo'y?  alba 

rc'vs  '’.'S' a 

& 

1 

18 

°arth»noci 5u?  luingue^ha 

2 

Popului  d?ltO!C°5 

4 

Drun'j?  avnea’a 

22 

214 

12 

Due-cus  cca’pa 

4 

gi  at' a 

29 

319 

36 

P l tei  ni5«fjrif?« 

31 

1 

15 

5 

Sdir  mg'i 

2 

Saetucus'canadensi? 

29 

5 

119 

93 

Sy-ptcr j c^'pcs  calculates 

516 

237 

(Ileus  rubra 

67 

1 

199 

10 

Vitl!  sp. 

5 

3 

un^nonn  vine 

2 

12 

TOTAL 

1421 

81 

1592 

191 

NEAN 

67.7 

9 

79.6 

17.4 

STD 

140.5 

17.8 

92.1 

25.5 

Table  6 

Total  and  Mean  Canopy  Intercepts  (Number  of  Branches  Using  Sighting  Tube) 
for  Riparian  Control  and  Riparian  Test  Areas  (13-25  June  1934) 


IRANSECT 

TOTAL 

HEAR 

STD 

N  VALUE 

Riparian  Control  l 

38.0 

0.7 

1.4 

80.0 

Riparian  control  ? 

12.0 

0.2 

0.8 

39.0 

Riparian  control  3 

91.0 

1.1 

0.8 

80.0 

Riparian  Control  4 

2B.0 

0.4 

1.0 

72.0 

Riparian  Control  Total 

189.0 

0.8 

1.3 

291.0 

Riparian  Test  1 

143.0 

1.8 

2.3 

80.0 

Riparian  Test  2 

32.0 

0.3 

1.1 

83.0 

Riparian  Test  3 

33.0 

0.8 

1.4 

70.0 

Riparian  Teat  4 

34.0 

0.7 

1.3 

79.0 

Riparian  Test  Total 

284.0 

1.0 

2.3 

294.0 
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Table  7 


Tree  Heights  and  DHII  Reading  From  Selected  Large  Trees 
in  the  Riparian  Test  Area  (13-26  June  1984) 


a.  Test  Area. 


SPECIES 

DBH 

TREE 

HEIGHT 

lc».) 

(tetersi 

Celtic  occidental  is 

30.50 

7.90 

Cel tx s  occidental:* 

20.30 

8.10 

Celtis  occidental!* 

27.90 

8.30 

Cel ti s  occ l den  tails 

30.50 

7.90 

Praxinus  pennsyivanica 

22. ‘,0 

9.20 

Praxinus  peons y  1  v am c a 

35.60 

i2.00 

Sleditsia  tnacanttio* 

33.00 

8.30 

Juglans  mqra 

40.60 

9.00 

Quercus  tacracarpa 

71.10 

12.70 

Suercus  •acrocarpa 

25.40 

10.10 

Suercus  tacrocarpa 

76.20 

12.00 

Quercus  tacrocarpa 

63.50 

12.20 

fiuercus  tacrocarpa 

76.20 

8.60 

Mean  +  St.  D. 

42. G  +  21. 

9.6  + 

b. 


Control  Area. 


SPECIES 

DBH 

TREE 

HEIGHT 

let. ) 

(•eters) 

Celtis  occ i dental i s 

25.40 

9.40 

Celtis  occidental l s 

25.40 

9.20 

Celtis  occ i den  tails 

15.20 

8.60 

Celtis  occidentals 

35.60 

9.00 

Celtis  occidentals 

30.50. 

7.40 

Celts  occidentals 

40.60 

9.40 

Celts  occidentals 

35.60 

8.60 

Celts  occidentals 

81.30 

9.90 

Fraxmus  pennsyivanica 

45.70 

7.90 

Praxinus  pennsyivanica 

35.60 

9.90 

Praxmus  pennsylyanica 

38.10 

13.50 

Praxinus  pennsylyanica 

83.80 

16.40 

Praxinus  pennsyl  vamca 

38.10 

13.70 

Praxinus  pennsylyanica 

35.60 

13.70 

Praxinus  pennsyivanica 

35.60 

12.50 

Populus  del toi des 

48.30 

12.50 

Mean  +  St.  D. 

40.6+  18.2 

10.7  +  2 

V> 

V> 


*>  "j*  V  '  J  *j»  ■ 

aVav.  *-V. 
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Herbaceous  Vegetation.  Eight  hundred  quadrat  samples  were  analyzed  along  the 
study  transects  in  the  prairie  and  riparian  control  and  test  sites.  Calculations  were  made 
of  plant  species  relative  cover,  relative  frequency,  sum  (an  importance  value),  and  the 
mean  and  standard  deviations  for  these  three  indices  (Tables  8  and  9).  Total  quadrat 
vegetation  coyer  values  (Table  10)  were  similar  in  both  the  prairie  and  riparian  test  and 
control  sites  and  averaged  more  than  100  percent  because  of  the  multilayered  vegetation 
usually  present.  Based  on  cover  and  importance  values,  the  riparian  study  areas  (Table  8) 
were  dominated  by  several  species:  Japanese  brome  grass  (Bromus  japonieus),  sunflower 
(Helianthus  annuus),  bluegrass  (Poa  spp.),  European  brome  grass  (Bromus  inermis),  and 
coralberry  (symphoricarpos)  Other  species  that  codominated  only  in  the  riparian  test 
area  included  crown-beard  (Verbisian  alternifolia),  nettle  (Urtica  dioica),  and  wild  rye 
(Elymus  canadensis).  Brome  grasses  had  a  higher  importance  in  the  riparian  test 
transects,  which  were  close  to  fallowed  farm  fields.  These  species  were  also  present  and 
important  in  the  riparian  control.  The  riparian  test  study  area  was  slightly  more  diverse 
than  the  control  area,  with  72  vs.  63  quantitatively  sampled  species. 

In  the  riparian  test  area,  vegetation  had  a  more  equitable  distribution  of  impor¬ 
tance  values  and  more  species  were  dominant;  no  species  had  an  importance  value  of 
greater  than  57,  in  comparison  to  a  value  of  82  for  the  control  area.  These  two  areas, 
which  shared  more  than  50  percent  of  their  species,  had  45  species  in  common.  This 
represented  62.5  percent  and  71.4  percent  of  the  species  in  the  riparian  control  and  test 
areas,  respectively.  Virtually  all  dominant  species  were  important  in  both  areas,  except 
for  crown-beard,  which  was  not  sampled  in  the  control  area. 

The  prairie  control  and  test  areas  (Table  9)  each  had  68  sampled  species,  most  of 
which  were  common  to  both  areas.  Based  on  mean  relative  cover,  the  prairie  control  was 
dominated  by  bluegrasses  (foa  spp.),  brome  grass  (Bromus  inermis),  big  bluestem  grass 
(Andropogon  gerardii),  and  western  ragweed  (Ambrosia  psilostachya).  These  species  had 
an  average  quadrat  cover  of  9.3  percent.  Yellow  sweet  clover  (Melilotus  officinalis)  and 
small  ragweed  (Ambrosia  artemisiifolia)  also  had  high  cover  values.  An  average  of  32 
percent  big  bluestem  grass  cover  dominated  the  prairie  test  area.  On  the  average,  about 
6  percent  of  the  cover  was  bluegrass,  western  ragweed,  and  quack  grass  (Agropyron 
repens).  Bare  soils  covered  about  2  percent  of  both  areas. 

The  most  frequent  species  in  the  prairie  control  was  western  ragweed,  which 
occurred  in  more  than  7  percent  of  all  quadrats,  followed  by  6  percent  bluegrass.  Big 
bluestem  and  yarrow  (Achillea  millefolium)  accounted  for  about  5  percent.  Several  other 
species,  including  sage  (Artemisia  ludoviciana),  small  ragweed,  sedge  (Carex  spp.), 
fleabane  (Erigeron  strigosus),  yellow  sweet  clover  (Melilotus  officinalis),  and  prairie 
panic  grass  (Panicum  leibergii)  occurred  in  3  to  4  percent  of  the  quadrats.  Big  bluestem, 
western  ragweed,  sage,  bluegrass,  and  sedges  were  the  most  frequently  noted  species  in 
the  prairie  test  area. 

Based  on  importance  value,  the  prairie  control  was  dominated  by  western  ragweed 
and  bluegrasses;  big  bluestem  grass  followed,  with  a  value  of  14.  Brome  grass  had  a 
value  of  12,  and  yarrow  and  small  ragweed  had  values  of  about  9.  Based  on  importance 
value,  most  of  the  same  plant  species  dominated  the  prairie  test  site.  Big  bluestem  grass 
was  most  prevalent,  followed  by  western  ragweed  and  bluegrasses.  A  total  of  216  plant 
species  were  sampled  or  observed  along  the  study  transects;  153  species  were  collected 
for  voucher  specimens. 


Table  8 


Totals,  Means  (x),  and  Standard  Deviations  (STD)  for  Relative 
Cover,  Frequency,  and  Importance  Values  of  Plants  Sampled 

a.  Riparian  Control  Study  Area  (13-26  June  1984) 


COVER  PRCQUEICr  IAPOPTAACE  VALUE 


SPECIES 

TOTALS 

1 

STB 

TOTALS 

1 

ST0 

TOTALS 

1 

STB 

•OutlllM  thyflpflrasti 

AcaUpBd  ip. 

AcaNpM  wirqiniC4 

Aroratas  inpuitiioMl 

Achillaa  aifla*oliui 

0.0 

0.0 

0.0 

2.0 

0.3 

0.4 

2.0 

0.3 

0.4 

Aorooyron  rapany 

9.0 

2.0 

2.2 

4.0 

t.O 

0.3 

12.0 

3.0 

2.9 

Alnaa  piantaao-aguatica 
At  I  iui  canadrnyr 
Aaaranthm  ratroMaiui 


Aaorona  artoamilolia 

1.0 

0.3 

0.3 

3.0 

1.3 

1.3 

4.0 

1.3 

i.7 

Aaorona  pilloitachya 

10.0 

2.3 

2.4 

12.0 

3.0 

3.2 

22.0 

3.3 

3.9 

Aagrasia  trilida 

21.0 

3.3 

5.0 

14.0 

4.0 

1.4 

37.0 

9.3 

4.1 

Aaorpna  c» naiCffis 

Aaorpita  truticosa 

3.0 

0.9 

t.O 

3.0 

0.9 

1.0 

4.0 

1.3 

1.9 

Androgoqon  garardu 

9.0 

2.3 

3.2 

7.0 

1.9 

1.3 

14.0 

4.0 

4.7 

Androcogon  scoaarim 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.3 

Androgidf  xcidnatalii 
Antanoaria 

Agocymia  canna6tnua 

Artaama  ludovicwm 

11.0 

2.9 

1.7 

13.0 

3.3 

1.3 

24.0 

4.0 

2.7 

Asdapiai  hirtalla 

Ayclfpm  jurpurjjcmi 

Asclfpiai  lyrica 

t.O 

0.3 

0.3 

3.0 

1.3 

1.0 

4.C 

1.3 

1.3 

Asdapiai  tuBarosa 

4idni»  nffticiiuti 

Ayclagtai  nndiMora 

Ayter  mcoidai 

Altar  pilgsul 

Aytar  yp. 

1.0 

0.3 

0.5 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

Altar  ygricaul 

Aytragal uy  crayyicarpuy 

Baotisia  auytralu 

Sarearaa  »ulgarn 

Sara  foil 

3.0 

1.3 

2.3 

2.0 

0.3 

1.0 

7.0 

1.8 

3.3 

Bidafli  *rodo« 

3oan»*na  cylindrica 

3ro«i  inarms 

7.0 

1.9 

2J 

2.0 

0.3 

0.4 

9.0 

2.3 

2.4 

iroaui  japonicus 

23.0 

3.9 

4.9 

13.0 

3.9 

1.7 

18. 0 

9.3 

4.4 

Broauy  tattorua 

9ucMaa  dactyloidai 
acaliy  tuOaroya 
al i irioa  alcaaoidas 
at  1 irBoa  involucrata 
annaBis  yatira 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

0.0 

0.0 

0.0 

arduus  nutany 
arai  sp. 
ary i  ip. 

3.0 

0.9 

1.0 

13.0 

3.3 

1.3 

14.0 

4.0 

1.4 

arai  triangularly 

4.0 

1.3 

1.7 

14.0 

3.5 

0.4 

20.0 

3.0 

2.2 

arai  rulpinoidaa 

Casyia  taaciculata 

CaltiS  orcidantal  is 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

t.O 

0.3 

0.3 

CBaaaasyca  to. 

CAanopodiua  alsua 

Ci r si ua  altissnui 

3.0 

1.3 

1.0 

11.0 

2.9 

1.3 

14.0 

4.0 

2.2 

Cirnua  discolor 

Cirilua  undulatua 

Convolrulus  aryamn 

t.O 

0.3 

0.3 

2.0 

0.3 

1.0 

3.0 

0.8 

1.3 

Con*ol*ulus  sagiu* 

Cornus  sop. 

4.0 

1.3 

1.7 

3.0 

1.3 

1.3 

11.0 

2.9 

3.0 

Croton  sp. 

CiiSCiit*  so . 

•0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

Crprrui  aiculantus 
DrlgMniua  carolimanua 
3m*ooiui  Y). 

Ecumcn  pallida 
EcAinocMoa  auncata 
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Table  8  (Cont'd) 


Echmocyitil  lobata 
ElMtharn  paluitrii 
Elyaui  cinidmu 
Eraqroitis  spfctibilu 
Eriqffon  annum 
£r iqeron  itnqoiui 
tuonvam  aifncanu! 
tupnorbia  ip, 
ffituca  elatior 
PfituCl  (Ktoilora 
Praqaria  virgin?  u 
crannui  aaartcini 
Sal t ua  aoinn* 

Sal  1  ua  circifiani 
Sfraniua  c arol t p i anua 
S*ua  ip. 

blfditili  trwcanthoi 
Slycyrrniza  lepidota 
Svanocladus  diaica 
Hfd*o*i  hupidi 
Hedyotn  niqricini 
hfliinthui  innuui 
Hflunthui  qroiififcritm 
Hfliooin  naiwnthoid** 
Hibucui  trionj* 

Hitriciu*  longipilu* 
Hordfu*  lubatua 
Hordtua  puli  1  lua 
Hyparicu*  ptrloratua 
Iva  icoparii 
Juqlani  mqra 
Juncul  tanianm 
Juncul  torrfyi 
Jufiiprrui  Virginian* 

Kochi*  Katina 
Ko#l*na  crutati 
*rtqi*  oppontitoli* 

Kuhnia  luoatpr 101  dM 
lactuci  canadanm 
Uctuca  ip. 

LlPOftfl  CMlOfniU 
Ltgidiua  dfniiHaru* 
Ifipfdfll  cipititi 
liitru  pycnoitachyi 
1 1 mi*  luKitu* 
iftosui  iffncinui 
laclura  paiitffi 
Vdiciqo  lupihni 
■tfdicaao  iitiv* 

"fliiotui  ilbi 
"fliiotui  oHicinahi 
"fnthl  10. 

hiribilu  nyctiqin** 

"onirdi  tutuloii 
"orui  alba 
"orui  ruor* 

"on 

"ublfnbfrqu  ico. 

Otnotnwa  ipfcioil 
Onoiaodiu*  to! If 
Jountia  polycantbi 
0»*ll»  it  irtl 
Oulu  violacfi* 

Panicua  capillar* 

Panicua  lanuqinoiu* 

Panicua  Itibtrqu 
Panicua  virqatua 
Panttina  p*nniylyanica 
Partbfnociiiui  quinpualolia 
Pfuttaon  cobafa 
PfCaloittao*  candidu* 
Pftlloitfio*  ourpurfu* 
Pptaloitfao*  ip. 

Phyla  Cunfilolil 
’byialll  ip. 

Pbyulli  IP. 

Phytolacca  aaancini 
Plantaqo  purihii 


Table  8  (Cont'd) 

! 

PUntiqo  ip. 

PWntaqo  virgimca 

0.0 

0.0 

0.0 

2.0 

0.5 

0.4 

2.0 

0.3 

0.4  1 

Poi  iop. 

Polvqjl!  vKticillata 

24.0 

4.3 

2.4 

21.0 

3.3 

2.1 

47.0 

11.3 

4,3  i 

Polyqonu*  jramitrun 

Pol  ypoflu!  ppruciru 

Pal  yqonut  r  uoiiiiiiti 

Pol rgonu*  io. 

Ijj 

Prunui  liericaoj 
pioriln  irqopnyUi 

4.0 

1.0 

2.0 

3.0 

0.3 

1.3 

7.0 

1.8 

3,3  1 

Pioriln  ip. 

2.0 

0.5 

0.4 

5.0 

1.3 

1.3 

7.0 

1.9 

1-7  1 

Ptllltniii*  nuttillu 

Qutrcui  ncraciroj 

0.0 

0.0 

0.0 

2.0 

0.3 

1.0 

2.0 

0.3 

Shui  qUOn 
flhui  ridicini 

4.0 

1.3 

2.4 

4.0 

1.0 

1.4 

10.0 

2.3 

3.8  1 

RlD«i  •  liiOuriMI* 

Borippi  io. 

0.0 

0.3 

0.5 

5.0 

1.3 

0.3 

3.0 

2.0 

0.0  p 

1 

Ron  ifkanum 

PuBui  itriqoiui 

4.0 

1.0 

2.0 

4.0 

1.0 

2.0 

8.0 

2.0 

4.0 

1 

Ruollii  itruJMi 

Puwi  al  1 1  ii i iui 

0.0 

0.0 

0.0 

2.0 

0.3 

1.0 

2.0 

0.3 

1  0  £ 

IWi  criipui 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

Siqittirn  litlfoli! 

|j 

Saoducut  cjnidmiii 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3  1 

Sjniculi  qrtoartj 

ScArinku  nuttillu 

3.0 

0.8 

1.3 

4.0 

1.0 

1.2 

7.0 

1.8 

2,4  i 

S<hropnuliru  ip. 

Sctrpus  itrovireni 

Scirpui  typennoi 
Scrophulini  unlindici 
Scut r  1 1  ar  i  a  rtiuou 

t 

i 

1 

SdflKiO  paupffcului 

Sttarti  ip. 

Silsn*  intirrfimi 

Silphiu*  ipfcioiu* 
Sil»rinch>u*  ip. 

S«ila>  ip. 

Sail  ii  tiaitoidti 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

; 

0-3  ! 

1 

1 

• 

SoUnun  ciralinpnir 

Salinua  roitntui 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0,3  ' 

i 

Soiinui  trifloru* 

{ 

• 

• 

Solidiqa  cimdtnin 

SoflCHUI  110»f 

23.0 

4.3 

4.0 

17.0 

4.3 

2.4 

42.0 

10.3 

4.4  1 

» 

• 

» 

Sorqknitru*  nutini 

Spirtini  pKtimti 
Sokipnoofiolii  inttrtadu 

7.0 

1.3 

2.« 

3.0 

1.3 

1.3 

12.0 

3.0 

i 

5pn»fiophol ii  ottuiitl 
Sporpdolut  nttprolrpii 

7.0 

1.8 

3.3 

4.0 

1.5 

1.8 

13.0 

3.3 

| 

f 

Sticnyi  Unuitoln 

1.0 

0.3 

0.3 

4.0 

1.0 

0.3 

3.0 

1.3 

1.3  1 

f 

Stipi  ip. 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

1.0 

0.3 

0.3 

r 

Sytpnoricirpui  arOiculitui 

43.0 

13.3 

7.0 

24.0 

4.5 

1.9 

89.0 

22.3 

8.8  | 

f 

rirmaii  oHianilf 
7(ucru«  CM!d»ni« 

Thlupi  ifvtm» 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3  | 

t 

Tfiducintu  oniwiii 

P 

1 

rnqopoqon  OuPiui 
rM*olig*  prit»m* 

1 

r 

Triodjnil  lfptocirpi 

P 

- 

Tnodinii  pyrtointi 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

l .  o  p 

lypit!  inquitiPolu 

p 

7«pM  lititolu 

Wi 

Ultui  rutn 

4.0 

1.3 

2.4 

4.0 

1.0 

1.4 

10.0 

2.3 

3.9  p 

Urtici  dioici 

4.0 

2.3 

2.2 

3.0 

1.3 

1.0 

14.0 

3.5 

3. 1  R 

«» 

yffOiicu*  olittiru 

Mi 

yfroiicu*  tmoKit 

t;’ 

i 

Vefpmi  hutiti 

0.0 

0.0 

0.0 

1.0 

0.3 

0,3 

1.0 

0.3 

A. 3  P 

A 

vtrstnt  itricti 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0-3  1 

A 

VdfOmnp  iitpmitolu 

A 

lern ooii  ip. 

4.0 

1.3 

0.4 

14.0 

3.3 

1.7 

20.0 

3.0 

V promt!  pprpqrmi 

u 

Vicit  ittritini 

9m 

Viali  to. 

| 

i 

Iintdiu*  itruiinu* 

1 

8 

a 

r~’A[  S 

336.0 

93. C 

3S5.0 

98.4 

77G.0 
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1 

a 

A 

A 
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A 
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Table  8  (Cont'd) 

b.  Riparian  Test  Study  Area  (13-16  June  1984) 


SECIES 

•tutiliof!  thcophraiti 
icdlypta  ip. 

<c aJ  rpfl j  rirqmica 

'CPritpi  mamt  if  oil  9 
■dullra  oillrfoliuo 
•propyrod  rppefli 
'll 9*9  pllAtiqO-itUlttCl 
Mliut  canadwip 
'•aaranthui  rptrollpiui 
'•Oroita  artmuitoli  a 
laoroiia  puloitactya 
'•troila  trilida 
loorpiu  canpicmi 
'•orpha  fruitoii 
lidropoqon  pprardii 
ifldropoqon  icooarui 
Sndroiac*  xcidnotilu 
dfitmoim  neijtpcta 
Opocynua  cmnatinup 
Vtftina  ludo»icimi 
Oiclmai  Mrtdla 
)ic  I  op  i  pi  purpiraictM 
liclrpiai  lynci 
ticlepiai  tutor 019 
Aidtpiai  **rtici llata 
tidppiai  vtridt flora 
titor  oricoidoi 
titor  piloiui 
Pitpr  ip. 

Pitor  ipricwi 
Pitraqjim  craiiicarpui 
Jiotina  auitr a  1 1 1 
Jartirta  rul par n 
Urt  ioi  I 
SidoM  frodoia 
Sooflooria  cylmdnca 
Brooui  moron 
3rooui  jioonicuo 
8ro*ii  tottoruo 
JucMoo  dactyloidyi 
Cacaltl  tudoroia 
CaliiMop  alcaroidn 
Cal  1 1 rho*  mvalucrua 
Cauiutn  latira 
Cmduui  nutani 
Carpi  50. 

Carpi  ip. 

Carol  trimqulirn 
Carol  mlomoidoi 
Canta  luciculata 
Coltn  occidpntaln 
Chataoirco  ip. 

Chonopodiuo  altuo 
Ciniuo  altiiiiaua 
Ciriiuo  divolor 
Ciriti'i  undulatu* 
Coovolyului  arvofiin 
Coflrolvulul  iOplUO 
Cornui  top. 

Crotoo  ip. 

Cuicuta  ip. 

Cyporui  picul Ofltui 
Jolptmiup  carolmimup 
Coioodiut  ip. 

Ccltmacta  pallida 
EcMnottlda  puricata 


COVER 

roTacs  r  sin 


5.0 

0.8 

t.O 

12.0 

5.0 

2.2 

12.0 

5.0 

3.t 

1.0 

0.5 

0.3 

9.0 

2.5 

5.5 

1.0 

0.5 

0.3 

3.0 

1.5 

1.3 

2.0 

0.3 

O.t 

RIPMMM  TEST 

ESfWEKCT 

TOTALS  r  STO 


(.0 

1.0 

1.4 

12.0 

5.0 

2.2 

19.0 

4.3 

4.3 

1.0 

0.5 

0.3 

7,0 

1.3 

2.1 

1.0 

0.5 

0.3 

3.0 

1.3 

1.3 

1.0 

2.8 

1.7 

I7I808TMCE  VM.UE 

totals  r  sn 


7.0 

1.8 

2.4 

24.0 

t.O 

4.2 

31.0 

7.9 

7.8 

2.0 

0.3 

1.0 

U.O 

4.0 

3.2 

2.0 

0.3 

1.0 

10.0 

2.3 

3.0 

13.0 

3.3 

2.2 

37.0 

9.3 

11.4 

14.0 

5.3 

3.7 

31.0 

12.1 

13.0 

29.0 

7.0 

4.3 

23.0 

t.3 

5.3 

33.0 

13.3 

t.O 

3.0 

0.1 

1.3 

t.O 

1.3 

1.3 

9.0 

2.3 

7.t 

1.0 

0.3 

0.3 

2.9 

0.8 

1.5 

4.0 

i.O 

2.0 

2.0 

0.5 

1.0 

3.0 

1.3 

1.3 

7.0 

1.8 

2.2 

0.0 

0.0 

0.0 

2.0 

0.3 

1.0 

2.0 

0.3 

i.O 

2.0 

0.3 

o.t 

10.0 

2.3 

1.7 

12.0 

3.0 

2.3 

0.0 

0.0 

0.0 

2.0 

0.3 

o.t 

2.0 

0.3 

O.t 

12.0 

3.0 

1.8 

7.0 

1.8 

1.0 

19.0 

4.8 

2.8 

0.0 

0.0 

0.0 

1.0 

o.r 

0.3 

t.O 

0.3 

0.3 
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Table  8  (Cont’d) 


CftldOCYStlS  1  Oft  It  4 


»‘i»9tft4rn  PaluSftS 
t.llP'iS  CanadtMIS 

53.0 

8.3 

6.4 

34.0 

8.3 

4.2 

67.0 

16.8 

11.0 

CMftrastn  sp4Ctaftihs 

0.0 

0.0 

0.0 

1.0 

0.5 

0.5 

1.0 

0.3 

0.5 

annuus 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.5 

i'\ qKOfl  V' i  josjs 

:.o 

0.3 

0.6 

3.0 

0.8 

1.0 

3.0 

1.3 

1.3 

>.jftn»»ul  4«4Mcanul 

L>Pft0CPU  '0. 

:  *1UC4  fUtiar 
f*StUC4  OCtdilOfa 
iragana  tirpinunj 
^  r  4i  l  <1U*  4P4Y  l  C464 

:.o 

0.3 

0.6 

1.0 

0.3 

0.3 

3.0 

0.8 

1.0 

>41 1 >4*  4P4M44 
■!4l  UP  CICC44t4IYS 
<>»'4fiiuP  carolioiaatip 
•4u«  ip. 

1.0 

2.3 

1.1 

4.0 

2.3 

3.3 

18.0 

4.3 

7.1 

j  1  401 1  SI  4  tri4C4M60S 

1.0 

0.3 

0.3 

1.0 

0.3 

0.5 

2.0 

0.3 

1.0 

iiK*'rM!4  1  40 1  dot  4 
.jiWOCUduS  dlOIC4 

I'dddOPa  Si Spi 04 
r»0rotis  oigruans 
r*4l  lantftus  annaus 

21.0 

7.3 

7.4 

21.0 

3.3 

4.1 

30.0 

12.3 

11.4 

*•1 ipfltftus  prosi*S(f ratus 

11.0 

2.8 

3.3 

4.0 

1.0 

2.0 

15.0 

3.3 

7.5 

-ifiioosis  hpliantnoidts 
■Mftistus  trionua 
■Mffaciua  lonpipilua 
■•orddut  juftat'ji 
•Oylw*  pusiil'j* 
"typ^icup  p«r(dra tuft 
i<4  SC0P4ri4 


Juplans  siqra 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

Juncui  kansamji 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

Juncus  torrm 

I'jnipefui  Yirginiana 
<ocnia  scopana 
'pplffia  crutata 
<npi  a  opposi ti4ol  14 
'uftnia  supatpriaidn 
. 4CtUC4  C4H4dt«U 

0.0 

0.0 

0.0 

3.0 

1.3 

1.3 

5.0 

1.3 

1.3 

L4CtUC4  SO. 

'.aaortta  canadfflsis 
.fpidiut  ImsiMoy'jp 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

vtsp«dpt4  caoitata 

k»4tris  pYcnoitacnva 

•.tftu*  suicatu* 

./ccaus  a«4ficanus 
"4C 1 ur 4  oopiffYa 
'fdicapo  lupiltiu 
’odicago  sat i v4 
’tlliOttlS  4164 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.3 

'tliiotus  othcmalis 

4.0 

1.0 

0.8 

10.0 

2.3 

1.0 

14.0 

3.3 

1.7 

•antN  so. 

"iraoilu  dYCtaqi'ita 
'd"4Yd4  *  I  St u 1 OS4 
■orus  alfta 
’O'us  rjOra 
"OSS 

S'iM4"6»Ypn  spo. 

>notn»f4  soAClosa 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.5 

’nospodup  401I4 

0(lfttl4  OOl  » (.44164 

lulls  st  icta 

0.0 

0.0 

0.0 

3.0 

0.8 

0.3 

3.0 

0.8 

0.3 

juiis  YioiactM 
panicup  caoillarp 
paPicui  lanupinosu* 

0.0 

0.0 

9.0 

1.9 

0.3 

0.3 

1.0 

0.3 

0.3 

panicup  ipiopfpii 

0.0 

0.0 

0.0 

3.0 

1.3 

1.0 

3.0 

1.3 

1.0 

’anicua  Yirqatup 

Pannana  ppansylYanica 

3.0 

0.8 

1.3 

10.0 

2.3 

1.7 

13.0 

3.3 

2.4 

’artPpflocmus  quinouptolia 

1.0 

0.3 

0.3 

2.0 

0.5 

1.0 

3.0 

0.8 

1.3 

4»"St*P<XI  COP  444 

p*ta!ostf*o*  candidu* 

:4t4ldSt4»0P  OurpuriM* 
p»tai0St4«0P  Sp. 
p'Yl4  C'J64lt0ll4 
:6<S4llS  SP. 

•SsallS  SP. 

,l'Yt0l4CC4  IMHClAi 
°Unt4qo  pursftit 
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Pluitiqo  19. 

Plintiqo  virqimci 
Pol  <91 , 

Polyqih  yirticitlitj 
f'olyqouu*  jrofliitra* 
Polyqonui  ptriiciru 

I’blyqanui  riMixiitui 
Polygonui  <g. 

Prunui  mricinj 
Fsorilti  irqopnylli 
piariln  <g. 

Ptlliniu*  nutUllli 
iu»fcu»  Mcrocirgj 
Rim  qi ibri 
Bh«l  ndiCJM 
81611  iiitouritflfl 
Jorippi  <9. 

8aii  irtMMM 
Bubul  Itnqciuf 
8ufllli  itripifli 
8umi  iltmiMi 
80m  crngui 
jyqittiru  Utllohi 
SiiftuCiii  cinjdfflin 
Smicyli  qrfdirn 
Scbruiku  nuttillll 
Scbrcghyliru  w. 

Scirpus  itrovirnii 
Scirpyl  cygtrinul 
Scrophylirn  iirilmdUJ 
Scutflliru  riiinou 
Simio  pdygirculu< 
Setirii  ip. 

Silnif  inbrrhini 
Silpbiu*  igiciaiu* 
Snyrinchiud  19. 

SiiUi  19. 

S11W1  tinoidu 
SoUnu*  cirolinifiit 
Ssliflu*  raitritu* 

Salinud  trifloru* 

Solidiqo  cinidmiii 
Soncfwi  ilnif 
Sarqtmtru*  nutint 
Soirtim  ptctuiiti 
ighfuopholii  mtirtHii 
SgdKiognoln  obtunti 
Sporoaolyi  Mtfrolwii 
SUcbo  ttnyifoln 
Stigi  19. 

Syieboricifpui  arbiculityi 
rirjxcui  o»< icimli 
'menu*  cwidnin 
ThUipi  jrvtnit 
frjdeicintll  oh  1  if  11 1 
Tnqogoqon  dubiui 
Tritaliui  pritniM 
friodimi  liotxjrpi 
IViadjnii  pirtolutJ 
ivphd  inpustilolw 
fypltl  lJtifolu 
Uliui  ru6n 
Ur 1 1 Cl  dioici 
Vtrblicu*  bUttiril 
Virbiicui  thibiui 
Virbtni  hiltiti 
Vtrbuti  itricti 

Vifbuini  ilttrnilolu 

Vifnonil  19. 

Uffonici  piffqri.il 
Vici 4  nificini 
V 1  a  1 4  10. 

Jintbiu*  itruiiriu* 

TOTALS 


31.0 

7.3 

4.1 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

0.0 

0.0 

0.0 

7.0 

1.3 

2.9 

13.0 

3.3 

3.9 

1.0 

0.3 

0.3 

0.0 

0.0 

0.0 

2.0 

0.3 

1.0 

2.0 

0.3 

1.0 

2.0 

0.3 

1.0 

2M 

3.3 

1.7 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

1.0 

0.3 

0.3 

3.0 

0.3 

1.0 

8.0 

2.0 

1.3 

4.0 

1.0 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

2.0 

0.3 

1.0 

4.0 

t.O 

1.4 

37.0 

14.3 

3.4 

3.0 

0.3 

1.0 

3.0 

1.3 

2.3 

1.0 

0.3 

0.3 

10.0 

2.3 

3.3 

21.0 

3.3 

3.1 

3.0 

1.3 

t.O 

1.0 

0.3 

0.3 

4.0 

1.0 

2.0 

4.0 

1.0 

2.0 

i.O 

1.3 

2.4 

18.0 

4.3 

3.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

t.O 

0.3 

0.3 

13.0 

4.3 

2.3 

0.0 

0.0 

0.0 

3.0 

1.3 

1.3 

19.0 

4.8 

3.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

33.0 

3.3 

4.7 

0.0 

0.0 

0.0 

iO.O 

96.2 

13.0 

3.3 

2.1 

1.0 

0.3 

0.3 

2.0 

0.3 

0.4 

1.0 

0.3 

0.3 

12.0 

3.0 

1.4 

2.0 

0.3 

1.0 

4.0 

1.3 

1.0 

13.0 

3.3 

3.4 

1.0 

0.3 

0.3 

2.0 

0.5 

0.4 

2.0 

0.3 

1.0 

17.0 

4.3 

3.9 

4.0 

1.0 

1.2 

183.0 

97.6 

33.0 

3.3 

7.1 

1.0 

0.3 

0.3 

2.0 

0.3 

0.4 

2.0 

0.3 

1.0 

30.0 

7.3 

3.7 

2.0 

0.3 

1.0 

11.0 

2.8 

2.1 

42.0 

8.0 

9.1 

1.0 

0.3 

0.3 

2.0 

0.3 

0.4 

2.0 

0.3 

1.0 

49.0 

12.3 

10.1 

4.0 

1.0 

1.2 

'80.0 

19.6 

Species  63 
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Table  9 


Totals,  Means  (x),  and  Standard  Deviations  (STD)  for  Relative 
Cover,  Frequency,  and  Importance  Values  of  Plants  Sampled 

a.  Prairie  Control  Area  (13-26  June  1984) 


COVER 


SPECIES 

TQTAtS 

I 

Abutihoa  thfophrilti 

Acilvobi  to. 

Ac i  1  von  KirflMCl 

Acffitfl  inauitiloln 

A<bi 1 Ifi  it  1 Idol iui 

13.3 

3.3 

Aaropyron  rfpfni 

Ainu  pliatiqo-iouitici 

2.0 

1.0 

AUu*  cjojOkii* 

Aaifinthm  fitrcdmi 

Aabfom  irtptiuifahi 

22.0 

3.3 

Aabrom  on loiticbyi 

37.0 

9.3 

Aibrom  trihdl 

Aaorpbi  CinMCMl 

9.0 

2.3 

Atorpbi  truttcoil 

Andropoqo*  qffirdu 

37.0 

9.3 

Andropoqofi  icopifiul 

AndroilCf  ocndmtllll 

8.0 

2.0 

Anteiwilftl  AfqlfCtA 

A«oc«nul  cjnnjbinu* 

Artfdim  ludomnm 

Aiclfpill  h i r t*l  1 4 

11.0 

2.8 

Aiclftlll  purp*f  HCtfll 

0.0 

0.0 

Aid w m  ivici 

Aicleom  tubffOH 

1.0 

0.3 

Aiclfpill  vfftlCl  l  lit! 

1.0 

0.3 

Aiclfpill  virididofi 

1.0 

0.3 

Aitff  fficoidfi 

4,0 

1.0 

Alter  piioiui 

0.0 

0.0 

Aitff  ip, 

Aitff  IfflCMl 

1.0 

0.3 

Aitr jqilui  cr jiucjfpiil 

Biptim  luitrihi 

8irbirfl  vulqif n 

3iff  101 1 

8ldtM  ffooou 

10.0 

2.5 

BofbPffU  CYlindriti 

Bfoui  inpftu 

37.0 

9.3 

8f0*ui  jipomcui 

8f0*ol  tfctofu* 

7.0 

1.8 

Buctilof  dictytaidfi 

Ciciln  tudfroiA 

Cillicbof  ilcitoidfi 

Cillirbaf  involuCf ltd 

Cinnidn  litivi 

Cifduui  lutlM 

Ciffi  ip. 

1.0 

0.3 

Ciffi  'jP. 

1.0 

1.3 

Cifft  trimpdlif il 

2.0 

0.5 

Ciffi  vulpmoidfi 

Cum  tncuuliti 

8.0 

2.0 

Cfltn  occidfntiln 

Cbififiycf  ip. 

Ctifnopodiu*  ilbuf 

Ctf  11U»  iltnmui 

2.0 

0.3 

Ciriiua  di teal  or 

Ciriiol  undulitud 

Canvolwlul  ifvffllil 

Convolvulul  ifoiui 

Cormii  ipp. 

Croton  ip. 

Cuicuti  ip. 

CvpffUl  fltulffltul 

SflpMmgp  cirol  inimut 

Otnodiup  ip. 

Echimcfi  pillidi 

EctunocMoi  furicitl 

0.0 

0.0 

FREQUENCY  INPORTMCE  VACUC 


STS 

TOTALS 

1  STS 

TOTALS 

1 

STS 

2.1 

23.0 

3.8  1.3 

34.0 

9.0 

1.4 

3.0 

1.0 

3.0 

1.7 

0.4 

4.1 

13.0 

3.8 

1.9 

37.0 

9.3 

3.7 

3.2 

29,0 

7.3 

1.3 

44.0 

14.3 

2.0 

2.2 

3.0 

0.8 

1.0 

9.0 

2.3 

3.3 

7.4 

19.0 

4.8 

2.9 

34.0 

14.0 

10. 1 

1.3 

4.0 

1.3 

1.0 

14.0 

3.3 

2.4 

1.3 

14.0 

3.3 

1.3 

23.0 

4.3 

2.1 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

0.3 

4.0 

1.0 

0.3 

3.0 

1.3 

1.3 

0.3 

2.0 

0.7 

1.2 

3.0 

0.8 

1.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

1.4 

7.0 

1.8 

1.0 

11.0 

2.8 

2.4 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

0.3 

3.0 

0.8 

1.3 

4.0 

1.0 

2.0 

3.0 

2.0 

0.3 

1.0 

12.0 

3.0 

4.0 

13  2 

11.0 

2.3 

3.3 

48.0 

12.0 

18.7 

2.2 

11.0 

2.8 

2.4 

28.0 

7.0 

4.4 

0.3 

4.0 

1.0 

0.0 

3.0 

1.3 

0.3 

4.0 

15.0 

3.8 

2.4 

21.0 

3.3 

3.4 

1.0 

3.0 

1.3 

1.3 

7.0 

1.8 

2.2 

1.? 

3.0 

1.3 

2.3 

9.0 

2.3 

4.4 

0.4 

5.0 

1.3 

1.0 

7.0 

1.8 

1.3 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 
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’..v./v  ruw.  vai v.vjv-VvV.Vw'm 


J*  b>  .>  .*»  .*»  ,>  k!»  -  ■"  >  *>  ■  jkf  p  'v  V  V  ,'V; 


A  v-y '  •  •  *, .  at* 


Ecllinocystli  IcPiti 
Elwclurts  palustris 
EWmi  cp/udrosis 
Eriqrostn  sprctibilis 
tr 1 qrron  pnnuus 
Eriqwon  striqosus 
Euonyius  iirricinus 
Euphordiz  so, 

►rstuCi  djtior 
Frstuci  octotlori 
Friqtrn  yirqitiinp 
frjimuj  4t»rKiH4 
&4hua  ipirine 
Spltut  circitzws 
Srrimu*  cirolmnnu* 
&M«  50. 

6lrditsu  triiCifitbos 
Slycyrrhui  Iroidati 
6y4noclidus  dioiC4 
ttrd*a«4  hispidp 
Hfdyatu  nigrtcpns 
Multibus  i/inuus 
Hflunthui  qross»srrr jtus 
Miopsis  4*1  unthoidfS 
Hibiscus  tnonu* 

Hikiciu«  lonqipilu* 
Hordtu*  jub4tu» 

Horbuj*  pusillu* 

Hypwicui  ptrlorpti'* 

I *4  SCOflir l 4 
JuqUns  nigru 
Juncus  lunsjnus 
Juikus  (orrcyi 
Jutiptrus  yirqini4fl4 
<ocf.u  scaiuriu 
1 0*1 «f 1 4  cr  t  St  4 1 4 
Krigu  oppasitifolii 
<uhn  14  (uputorioidts 

LiCtUCi  C4H4d»«S11 
UCtliCi  50. 

lipartll  Ciflidums 
Ifpidiu*  dmsiHorui 
lfipfdtZ4  CipititJ 
L 1 4 1 r i s  pycno-t4Cby4 
Unui  suicutu* 

Ucopus  4*«nc4nui 
tscluri  pooilerp 
tfdicigo  luoihns 
trdicigo  I4tiv4 
Milatus  4 1  b 4 
Ml  lotus  otficinulis 

Vflth4  sp. 

Hiribilis  oyctjqinfo 
>km4rd4  hstulosz 
Mus  4lb4 
torus  rubrz 
toss 

tuMerOfrq..  spo. 

Or  dthtrs  spool 0S4 
OnoSMdiu*  aoll* 

Cpuntu  polyunttP 
Drills  St  icti 
OlillS  ViQl 4CV4* 

Finicu*  cppilWrt 
Pynicua  liouqinosut 
Pimcui  letberqil 
Pini'j*  virqitu* 

Pirutiru  ponn;yly4fliC4 
Pjrthooooissu’  qutnpsutolu 
Pfflstnon  COP 404 
PotilOStMO!  CCtdldup 

Potilostoooi  ourpurou* 

Pot4t OStMOO  SO. 

Phvlp  cunoifolti 
Physilis  so. 

Phys4llS  sp. 

Phytol4CC4  400riC4il4 
Pluntiqa  pursPu 


Table  9  (Cont’d) 


1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

1.0 

0.3 

0.3 

4.0 

1.0 

0.3 

3.0 

1.3 

1.3 

7.0 

1.3 

1.7 

10.0 

2.3 

1.7 

17.0 

4.3 

3.3 

0.0 

0.0 

0.0 

2.0 

0.3 

0.6 

2.0 

0.3 

0.4 

4.0 

1.0 

0.3 

13.0 

3.3 

2.1 

19.0 

4.3 

2.9 

0.0 

0.0 

0.0 

3.0 

0.3 

1.0 

3.0 

0.3 

1.0 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

4.  J 

1.3 

1.0 

9.0 

2.3 

1.0 

13.0 

3.8 

0.3 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

t.o 

0.3 

0.3 

2.0 

0.3 

1.0 

1.0 

0.3 

0.3 

4.0 

1.0 

1.2 

3.0 

1.3 

1.3 

1.0 

0.3 

0.3 

1.0 

1.0 

0.0 

3.0 

1.3 

0.3 

0.0 

0.0 

0.0 

2.0 

C.3 

0.4 

2.0 

0.3 

0.4 

1.0 

0.3 

0.3 

3.0 

2.0 

1.3 

9.0 

2.3 

2.2 

0.0 

0.0 

0.0 

3.0 

2.0 

0.8 

9.0 

2.0 

0.9 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

t.o 

4.0 

1.3 

1.3 

4.0 

1.3 

1.3 

1.0 

0.3 

0  3 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

9,0 

4.0 

3.0 

13.0 

3.3 

2.1 

33.0 

8.9 

4.2 

0.0 

0.0 

0.0 

3.0 

1.3 

0.3 

3.0 

1.3 

0.3 

4.0 

1.0 

0.0 

13.0 

3.3 

1.0 

17.0 

4.3 

1.0 

10.0 

2.3 

3.0 

4.0 

1.0 

2.0 

14.0 

3.3 

7.0 

0.0 

0.0 

0.0 

4.0 

1.0 

1.4 

3.0 

1.3 

1.9 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 
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Table  9  (Cont'd) 


?UnUqo  sp. 

PUntvqo  »irqinici 
*oi  sop. 

ypf  1 1  c  1 1 1 4t  4 
fol»qonu«  ironjstfiit 
Solyqonut  gffsicaru 
Pqlyoorul  f4»osissifcH 
s9l*qonu»  so. 
sfunus  iMncifli 
?sor n  4i  gotinv  i  U 
'sof4lf4  so. 

P*.  1 1  llfilgl  nuUlllu 
Oufftus  »4croc4fp4 
Situs  ql49n 
situs  f40lC4nl 
M0*S  IISSOSIMfflSf 

Son  05 4  so. 

9oS4  4fk4ns4(l4 
fluous  striqosus 
Sufi !  1 4  striofM 
9>i«fl  fttlSSIfuS 
cu»fi  et* i sous 
J4qitt»fl4  1 4t I  lot  4  4 
Sfftiucus  cjitidfnsis 
34ni:ui4  qrtatrw 

ScOf  411114  out  til  lit 
khroptiul4rii  so. 

Stilus  4tro»irfni 
kirpu*  CYoefious 
krconuliru  oiriUndici 
SaittlUru  r*sirtos4 
Senecio  oiuokcuIui 
Sftmi  so. 

Si  lent  intirrhini 
Si  1  oh i ua  sokiosuo 
Siiynncdiut  so. 

Soilii  so. 

Sfllli  titnoiOrs 
Solmuo  cirolinMSf 
SoUnui  rostntut 
Sal 40ui  trif loru* 

Solidiqo  conidfflsis 
Sanduis  isoff 
jorqiustru*  nutans 
Sflirtim  pKtliuti 
Sohffloofialis  intcrMdl* 
Sohenoohol i s  oOtusitl 
Soofooolus  OftffOlffllS 
Slicnvs  tenuiiohi 
Stipi  so. 

Sytohoricirpus  of&icuUtuS 
linucua  aHicinolf 
Tfucrtui  canadf'tsf 
Ihlisoi  irvfnse 
Tradfscantia  OOlffSIS 
traqoooqon  dudius 
ty i * ol lui  pratfus* 
Viocinis  ifotocirai 
Triooams  perloluti 
TyoM  inqustllalil 
lyqita  lititolu 
Ul tus  ru0f4 
Urtici  dioici 
Vtrooscui  Plittini 
VerOiscuo  thipsus 
Vffbwu  histiti 
Vfrbffli  stricti 
Vtfbfsini  ilttmifolu 
Vfynoflu  so. 

Veronica  ptreqnna 
Vic 1 4  iwricini 
Vi  oil  so. 

linthiu*  strufiriul 
TOTALS 


1.0 

0.3 

0.3 

4.0 

1.3 

2.4 

7.0 

1.9 

2.9 

40.0 

10.0 

9.0 

24.0 

6.0 

4.2 

64.0 

16.0 

13.7 

2.0 

0.3 

0.6 

6.0 

1.3 

1.3 

9.0 

2.0 

1.9 

2.0 

0.3 

0.6 

4.0 

1.0 

1.2 

6.0 

1.3 

1.7 

1.0 

0.3 

0.3 

1.0 

0.3 

0.5 

2.0 

0.3 

1.0 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

0.6 

6.0 

1.3 

1.0 

9.0 

2.3 

1.3 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

3.0 

1.3 

1.9 

9.0 

2.3 

1.7 

12.0 

3.0 

3.6 

3.0 

0.9 

1.3 

1.0 

0.3 

0.3 

4.0 

1.0 

2.0 

1.0 

0.3 

0.3 

3.0 

0.9 

1.3 

4.0 

1.0 

2.0 

0.0 

0.0 

O.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

3.0 

1.3 

1.3 

2.0 

0.5 

0.6 

4.0 

1.0 

t.‘ 

3.0 

1.3 

2.3 

9.0 

2.3 

1.9 

13.0 

3.9 

4.3 

0.0 

0.0 

0.0 

2.0 

0.7 

0.4 

2.0 

0.7 

0.6 

4.0 

1.0 

1.2 

11.0 

2.9 

2.1 

12.0 

3.0 

3.6 

13.3 

90.6 

401.0 

103.0 

730.0 

192.1 

Soecies 
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Table  9  (Cont'd) 

b.  Prairie  Test  Area  (13-26  June  1984 


SPECIES 

^utiliofl  UiwpTiriiti 
*<*lypii*  ig. 

Scilypli*  urglnlc* 
MKitH  inquitifolu 
*cMlif*  *ill*4oliu* 
«rofl»ro«  roowi 
Alii**  plint*qo-»«*tic* 
411  iu*  cinpdwi* 
4**r*nthdl  r*tro41nui 
4*0 roil <  *rtr*m  i  tol  11 
A*4r  on*  pn loitJtfiy* 
4*oroii*  trihd* 

A*orp hi  ciOMCnt 
O«orpfi*  (rutlCOH 
Vidropoqon  q*r*rdn 
Afldropoqon  «oo*fiui 
Mdroijct  KCldn#t*lil 
Antfflmri*  npqlect* 
Aoocytiu*  c*An*tn.iu« 
4rte*iii*  ludoviCliA* 

•iclfpui  hirtfll* 
Aidwi*i  purpviKWi 
4id*pui  lyric* 

Aidt«i*i  tuOtroi* 
4ld»pm  v*rtlcill*t* 
Aid  »p  1*1  vtndiHor* 
*it*r  xicoidfi 
Ait»r  pllotui 
Aitw  ip. 

AltK  WICN1 

Aitr*q*lm  crjmcirpui 
3*«t mi  *uitr*ht 
9*r4*r»*  y«lq*m 
9*r*  ioi 1 
9id*fl1  <rodoi* 

9o*o*ff i *  cylmdrlc* 
3ro*ul  mtrin 
9ro*«l  jjoonicui 
9ro*ui  tKtoru* 

3ucMo*  d*ctyloid«* 
I*C*Ill  tuO*ron 
Cjllldio*  JklMldM 

CjlIirAo*  in*olucrit* 
C*on*tiii  i* 1 1 v* 

C*rduui  nut*ni 
Urn  ip. 

C*r*i  ip. 

Urn  tri*nqul  jrn 
C*r*i  *vloinoiO»* 

Cjiii*  l*incul*(l 
Celtil  occid*flt*ln 

ip . 

COyropodlut  ilta* 

Cirtu*  *lti>iiw* 

Cimiu*  ducolor 
Ciriiu*  undulitu* 
Convolmlul  *r»»nni 
Cdftyolwlm  ifflM 
Cornui  ipp. 

Crotofl  ip. 

Cuicut*  ip. 

C<p*rui  ficulntu) 
OflpAtnig*  ciroliniimj* 
Oinodiu*  ip. 

EcMn*c(*  o*1M* 
Eciunocnio*  wm*t* 


COVE* 


TOTALS 

1 

STO 

J.O 

I.J 

1.0 

24.0 

4.0 

7.0 

11.0 

2.9 

3.1 

27.0 

4.9 

4.1 

1.0 

O.J 

O.J 

128.0 

32.0 

11.9 

14.0 

3.3 

2.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12.0 

3.0 

0.9 

2.0 

O.J 

1.0 

2.0 

O.J 

0.4 

1.0 

0.3 

O.J 

4.0 

1.3 

1.9 

9.0 

2.0 

4.0 

9.0 

'  2.0 

2.9 

17.0 

4.3 

7.2 

1.0 

0.3 

O.J 

3.0 

0.9 

1.3 

13.0 

3.3 

3.9 

0.0 

0.0 

0.0 

1.0 

0.3 

O.J 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

0.0  0.0  0.0 


milrtE  TEST 


fSEOWUCT 


totals 

I 

STO 

4.0 

2.3 

1.3 

9.0 

2.3 

1.7 

7.0 

1.9 

1.7 

27.0 

4.9 

1.7 

2.0 

O.J 

0.4 

33.0 

9.9 

1.7 

10.0 

2.3 

1.3 

1.0 

0.3 

0.3 

1.0 

0.3 

O.J 

20.0 

J.O 

0.9 

3.0 

1.3 

1.9 

J.O 

1.3 

1.0 

1.0 

0.3 

O.J 

7.0 

1.8 

1.0 

3.0 

0.9 

1.3 

3.0 

0.9 

1.0 

10.0 

2.3 

3.1 

1.0 

0.3 

0.3 

3.0 

1.3 

1.9 

14.0 

3.3 

4.1 

2.0 

0,3 

0.4 

4.0 

1.0 

2.0 

1.0 

0.3 

0.3 

1.9 

0.3 

0.3 

1.0 

0.3 

O.J 

1.0 

0.3 

0.3 

3.0 

0.9 

1.0 

i.o  o.:  o.j 


IW01ITMCE  VN.UE 


TOTALS 

I 

STB 

14.0 

3.3 

2.1 

33.0 

9.3 

0.3 

13.0 

3.3 

3.3 

34.0 

13,3 

3.8 

2.0 

0.3 

0.4 

143.0 

40.9 

13.2 

24.0 

4.0 

3.2 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

32.0 

8.0 

1.4 

11.0 

2.9 

2.3 

7.0 

1.9 

1.3 

2.0 

0.3 

1.0 

13.0 

3.3 

2.9 

11.0 

2.8 

3.3 

11.0 

2.8 

3.9 

27.0 

4.3 

10.2 

2.0 

0.3 

1.0 

8.0 

2.0 

3.4 

27.0 

4.8 

7.8 

2.0 

0.3 

0.4 

3.0 

1.3 

2.3 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

7.0 

0.4 

1.1 

1.0  0.3  O.J 
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Table  9  (Cont’d) 


Echtnocyitit  lobata 
ElMCham  palustrn 
tlyaui  canad*nni 
traqrostii  ip«ctabilis 
EnqefOfl  annuui 
EriqFfOfl  <tr i qosus 
Euonyaul  a»*nc.*nui 
tupborbia  so. 
r»ituca  (latior 
f«tuca  octorlora 
Fraqaria  yirqimana 
frannus  aMMcana 
iallut  aCarliF 
ialui  circamani 
'it amud  carol mt anui 
Sw«  so. 

ulfditna  trucantboi 
9|ycyrrhita  Ifpidota 
manocladul  Oioica 
ritorooa  bnpida 
H*dyotn  mqrtcani 
ndiantnui  annum 
Hdianthui  qraiiMKratui 
Hdioom  ndiantnoidM 
Hibucui  trion.i 
Hirraciut  lonqipilu* 
Hordeu*  jubatu* 

Hordnj*  pusillu* 

HypFficu*  p«rtoratu« 

Wa  icopana 
Juqlans  mqra 
Juncui  kanianui 
Juncui  torrovi 
Junio»cuJ  virqinuna 
kocfua  icooana 
kodwia  criitata 
kriqia  oppantdotia 
Kubnia  FuoatonoidM 
tactuca  canadMin 
lactuca  ip. 
laportia  canadFnm 
Icgidiu*  doniiHoru* 
IfPFdf.’a  cantata 
Uatris  pycnaitachva 
Linui  sulcatud 
Lycooui  a«fficangi 
nadura  po*i<»ra 
Vdicaqa  luoilina 
njdicaqo  latiya 
•d i lotus  alPa 
ndnotus  oHicimIu 
n»ntba  10. 

Fir  am  1  n  nyctaqm»a 
tonarda  hituloia 
"orui  alba 
"arui  rubra 
"on 

"uMfnoerqu  100. 
OfnottiKa  ip»cioia 
Onoitodiu*  soil* 


0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.5 

4.0 

1.5 

1.0 

8.0 

2.0 

2.0 

14.0 

3.5 

3,0 

2.0 

0.5 

1.0 

3.0 

0.8 

1.0 

5.0 

1.3 

1.4 

4.0 

1.5 

0.4 

11. 0 

2.8 

0.5 

17.0 

4.3 

1.0 

1.0 

0.3 

0.5 

7.0 

1.3 

1.5 

3.0 

2.0 

2.0 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.5 

4.0 

1.0 

0.8 

12.0 

3.0 

1.4 

14.0 

4.0 

2.4 

0.0 

0.0 

0.0 

2.0 

0.5 

0.4 

2.0 

0.5 

0.4 

4.0 

1.0 

1.4 

5.0 

1.3 

1.5 

9.0 

2.3 

2.9 

1.0 

0.3 

0.5 

4.0 

1.0 

2.0 

5.0 

1.3 

2.5 

5.0 

1.3 

1.5 

4.0 

3.0 

1.0 

14.0 

3.5 

3.1 

11.0 

2.3 

2.4 

14.0 

4.0 

2.7 

27.0 

4.8 

5.0 

3.0 

0.8 

1.0 

4.0 

1.5 

1.3 

9.0 

2.3 

2.2 

1.0 

0.3 

0.5 

12.0 

3.0 

1.4 

11.0 

2.8 

2.4 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.5 

0.0 

0.0 

0.0 

4.0 

1.5 

1.0 

4.0 

1.5 

1.0 

5.0 

1.3 

1.5 

3.0 

0.3. 

1.3 

8.0 

2.0 

2.4 

Ipuntia  polycantha 
:ialii  it  icta 
jiam  yiolacfa* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

3.0 

0.3 

o.a 

1.0 

0.5 

3.0 

3.0 

0.3 

0.8 

1.0 

0.5 

•amcu*  camllar* 

•anicua  lanuqmoiua 
sanicu«  Idbwqil 
?antcui  yirqatu* 

'andana  pfnniylyanica 
5yr'.b*nociiiui  quinpudalia 

4.0 

5.0 

1.5 

1.3 

1.3 

1.3 

14.0 

4.0 

4.0 

1.5 

2,2 

1.3 

22.0 

11.0 

5.5 

2.9 

3.3 

2.5 

5»nit?«on  CdbaFa 
:«talostMO«  candidul 

0.0 

0.0 

0.0 

2.0 

0.5 

0.4 

2.0 

0.5 

0.4 

’•taloitnod  purpurtud 
?>taloit*dOd  IP. 

5ny 1  a  cunn  tol  ta 
■'Sialu  ip. 

0.0 

0.0 

0.0 

2.3 

0.5 

0.4 

2.0 

0.5 

0.4 

?byialll  ip. 

’bytolacca  addnca.ia 
oiantaqo  purinu 

0.0 

0.0 

0.0 

1.0 

0.3 

0.5 

1.0 

0.3 

0.5 

‘  A  *  J»  -  *  -  ■  “  ■  *  r"1  *  »  *  t  '  *  ■ 
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Table  9  (Cont'd) 


’lantapo  ip. 

Plantaqo  nrqinic* 
foa  in. 

9olrpal*  mticilUti 
"olyijonui  aronaitru* 
Polyqonu*  pamcana 
folygonu*  rapoiiiiitu* 
folyqonu*  ip. 

’runui  yppricana 
5ioral»<  arqopnylla 
Pioralpa  sr 
’tilitniu*  nuctallw 
i'jff cui  aacrocarpa 
5l>ui  qlabra 
Vbm  radicani 
ii0*»  »iiiourtpni« 
’Ofippa  10. 

4oi*  arum.nj 
Subui  itnpoiui 
’u*llia  itrpp«ni 
su**i  iltminji 
Juki  cnipul 
Saqittari*  latifolia 
SupOucui  canadtntit 
Samcul*  grpoana 
Scflrand*  nuttallu 
Schr oplwlana  vp. 

Scirput  atrovirpni 
Scirpui  cyp«rinui 
Scrophulari*  tanlandica 
Scutellaria  rennoi* 
Seflecio  pauperculul 
Setaria  ip. 

Si  lent  antirrhin* 

SilpHiu*  iw i oiu* 
Siiyrmcliiu*  ip. 

Sailai  ip. 

Stilai  tacnoidM 
Solanu*  carol  inmip 
Solanu*  roitratu* 

Sdlanu*  trifloru* 

Sol  idaqo  canadenm 
Soneriui  aip*r 
Sorgnaitru*  nutam 
Soartina  pectmat* 
Spnenoonolu  lnterwdia 
Sptienophalii  ootuiata 
Sporooolui  fieterolepil 
Stacnyi  teouifoli* 

St j pa  io. 

SvMtioncarpui  orfiicul 4tas 
Taraiacu*  odicinal* 
Tencriu*  canadeni* 

TMaipi  arvpni* 
'radeicantia  onierm 
>aoopo<)on  duPiui 
Vpoliul  prateni* 
friooanii  Iwtocarpa 
'riodami  p*r(aliata 
Npn*  anquitatoli* 

Non*  latilolia 
Jl*ui  ruPr* 

Jrtica  dioica 
7?'baicu*  slattaria 
Verbaicu*  tnapiui 
Verbena  baitata 
Verbena  itricta 
Verbiun*  alte'ntfolia 
Vernoni*  ip. 

Monica  pereqrina 
Vi  eta  a**rican* 

Viola  ip. 

lanthiu*  itru»*riu* 


totals 


23.0 

0.3 

0.0 

17.0 

4.3 

1.7 

42.0 

10.3 

7.0 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

7.0 

1.8 

1.7 

11.0 

2.3 

2.2 

18.0 

4.3 

3.9 

0.0 

0.0 

0.0 

2.0 

0.3 

0.4 

2.0 

0.3 

0.4 

1.0 

0.3 

0.3 

4.0 

1.0 

0.8 

3.0 

1.3 

1.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

0.1 

1.0 

0.3 

0.3 

4.0 

1.0 

0.0 

3.0 

1.3 

0.3 

0.0 

0.0 

0.0 

‘  4.0 

1.0 

0.8 

4.0 

1.0 

0.8 

1.0 

0.3 

0.3 

4.0 

1.0 

1.4 

3.0 

1.3 

1.9 

3.0 

0.8 

1.0 

3.0 

0.8 

1.0 

4.0 

1.3 

1.7 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

1.0 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

0.0 

0.0 

0.0 

2.0 

0.3 

0.4 

2.0 

0.3 

0.4 

0.0 

0.0 

0.0 

1.0 

0.3 

0.3 

1.0 

0.3 

0.3 

2.0 

0.3 

0.0 

4.0 

2.3 

1.0 

11.0 

2.8 

1.3 

4.0 

1.0 

0.0 

14.0 

3.5 

0.4 

18.0 

4.3 

0.4 

0.0 

0.0 

0.0 

1.0 

O.o 

0.3 

1.0 

0.3 

0.3 

'1.0 

98.5 

409.0 

105'.  1 

799.0 

200.9 

Species 
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Table-  10 


Average  Percent  Cover  for  All  Plants  Less  Than  1  m  Tall 
(From  50-m-square  Sample  Quadrats,  13-26  June  1984). 


CONTROL 

TEST 

STUDY  AREAS 

I 

STD 

STUDY  AREAS 

l 

STD 

RC1 

131.2 

40.2 

RT1 

121.1 

35.3 

RC2 

110.5 

43.9 

RT2 

101.3 

34.0 

RC3 

147.4 

49.3 

RT3 

145.4 

44.7 

RC4 

142.4 

51.2 

RT  4 

154.1 

47.0 

PCI 

141.0 

47.9 

PT1 

124.8 

29.5 

PC2 

109.4 

32.8 

PT2 

122.8 

53.8 

PC3 

132.4 

44.5 

PT3 

122.4 

40.7 

PCI 

143.2 

44.7 

PT4 

124.2 

42.0 

.Avian  Studies 

The  number  and  species  of  birds  in  the  riparian  and  prairie  control  and  test  areas 
showed  that  these  areas  were  very  similar  (Table  11).  Based  on  species  richness,  both 
riparian  areas  averaged  30  species.  The  prairie  had  18  to  22  species  per  transect  in  the 
test  and  control  areas,  respectively.  Breeding  bird  species  richness  in  the  riparian  areas 
was  25  and  26  for  the  control  and  test  sites,  respectively.  Eighteen  SDecies  were 
recorded  in  the  prairie  control,  and  13  in  the  prairie  test.  Visiting  species  were  fewest  in 
the  prairie  control  (three  or  four  species),  while  the  prairie  test  had  six  species.  Four  to 
six  species  visited  the  riparian  areas. 

The  house  wren  was  the  most  abundant  breeding  bird  in  the  riparian  control.  The 
dickcissel,  a  prairie  species,  was  very  abundant,  since  it  visited  riparian  edges  exten¬ 
sively.  Habitat  edge  was  important  to  many  bird  species  in  the  riparian  areas.  Some 
species  that  used  riparian  interior  and  edge  were  important  in  both  prairie  and  riparian 
study  areas,  including  common  yellowthroats,  brown  thrashers,  goldfinches,  northern 
orioles,  eastern  kingbirds,  and  visiting  species.  Visitors  included  dickcissels,  grasshopper 
sparrows,  brown-headed  cowbirds,  swallows,  and  other  species.  Dickcissels  were  far 
more  abundant  and  important  in  the  prairies,  with  an  estimated  97  to  110  individuals  in 
100  ha.  Dominant  breeding  species  of  the  prairie  were  common  to  both  prairie  study 
sites,  and  had  very  similar  densities  in  each  area.  This  included  meadowlarks,  grass¬ 
hopper  sparrows,  and  dickcissels;  visiting  brown-headed  cowbirds  were  observed 
parasitizing  nests  of  these  three  important  species.  Consequently,  the  cowbird  was  an 
abundant  but  variable  visitor  in  the  prairies.  Upland  plovers  were  observed  nesting  only 
in  the  prairies,  with  similar  densities  in  both  the  test  and  control  areas  (10  to  13 
individuals  per  100  ha).  Several  habitat  edge  species  occupied  even  the  smallest  growth 
of  shrubs  or  trees  in  the  prairies.  Thus,  both  edge  and  riparian  species  were  recorded  in 
the  prairies.  Species  included  brown  thrashers,  catbirds,  yellowthroats,  kingbirds, 
rosebreasted  grosbeaks,  warbling  vireos,  chickadees,  robins,  indigo  buntings,  cardinals, 
and  field  and  chipping  sparrows. 
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Table  11 


Results  of  Emlen  (1974)  Bird  Surveys  in  Riparian  and  Prairie  Control 
and  Test  Study  Areas  (13-26  June  1984).  (Mean  and  Standard  deviations 
(STD]  for  bird  density  are  calculated  from  three  surveys  along  each  of 
the  four  800-m  transects  in  each  study  area.  Mean  density  of  birds  has 
been  equated  to  other  studies  by  standardizing  sample  areas.  Density  has 
been  presented  as  numbers  of  individuals  of  each  bird  species  in  100. 


SPECIES 

RIPARIAN  CONTROL 

riparian  test 

PRAIRIE  CONTROL 

PRAIRIE  TEST 

HEAN 

STD 

HEAN 

STD 

HEAN 

STD 

NEAR 

STD 

SIDE  KINS  Tt'ii 

P 

SWEAT  SLUE  HERON 

4 

0 

WEEN  HERON 

6 

0 

8* 

0 

UPLAND  PLOVER 

4* 

0 

13* 

0 

10 

4 

13 

9 

KILOEER 

8 

0 

7 

1 

to 

5 

13 

0 

808NHITE  QUAIL. 

3 

3 

15 

5 

8 

4 

10 

3 

RIMS  NECK  PHEASANT 

4 

0 

4 

0 

10 

9 

7 

NORRISS  HOVE 

20 

4 

15 

7 

22.0* 

13 

25.0* 

18 

TURKEY  VULTURE 

7.0* 

1 

4.0* 

0 

RED-TAILED  HANK 

4 

0 

PARREO  ONL 

P 

P 

GREAT  HORNED  ONI 

P 

P 

YELLOW  BILLED  CUCKOO 

14 

4 

15 

7 

4 

0 

13 

10 

DONNY  KOOOPECKER 

13 

0 

8 

0 

RED-HEAOED  NOODPECKER 

13 

0 

15 

10 

PUCKER 

11 

3 

13 

9 

4 

0 

C0NH0N  NIGHTHANK 

10* 

3 

9* 

5 

21 

14 

12 

4 

SCISSOR-TAIL  FLYCATCHER 

13* 

0 

EASTERN  KINGBIRD 

27 

4 

23 

4 

20 

4 

13 

0 

WESTERN  KIN68IRD 

13* 

0 

25 

0 

GREAT  CRESTED  FLYCATCHER 

25 

0 

19 

10 

EASTERN  NOOO  PENEE 

17 

7 

15 

9 

BLUEJAY 

27 

18 

14 

8 

25“ 

0 

4“ 

0 

COUPON  CRON 

19 

0 

7 

1 

8R0NN-HEADE0  CONBtJO 

28 

11 

27 

11 

43* 

30 

32* 

14 

RED-NING  BLACKBIRD 

19 

9 

20 

4 

13 

7 

33* 

21 

NESTERN  HEAOCN  LARK 

14 

3 

14 

2 

22 

19 

34 

3 

ORCHARO  ORIOLE 

29 

29 

NORTHERN  ORIOLE 

24 

5 

24 

19 

10 

4 

13 

0 

6RACKLE 

13 

0 

19* 

7 

GOLDFINCH 

28 

9 

33 

II 

22 

a 

17 

9 

5RASSH0PCER  SPARRON 

12* 

3 

7* 

1 

14 

7 

30 

22 

CHIPPING  SPARRON 

25 

0 

FIELD  SPARRON 

20 

5 

12 

3 

9 

0 

CARDINAL 

15 

8 

14 

t 

18 

9 

ROSE -BREASTED  GROSBEAK 

22 

19 

18 

5 

27 

20 

INDIGO  8UNTING 

17 

9 

19 

9 

11 

4 

DICKCISSEL 

57* 

25 

75* 

25 

97 

15 

110 

42 

BARN  SNALLON 

13 

0 

25 

0 

4* 

0 

19* 

8 

TREE  SNALLON 

21 

7 

il 

4 

19* 

9 

4* 

0 

ROUGH-NING  SNALLON 

15 

9 

20* 

9 

LOGGERHEAD  SHRIKE 

7 

3 

7 

3 

NARBLING  VIREO 

II 

3 

8 

0 

13 

0 

17 

12 

YELLON  NAR8LER 

25 

0 

9 

0 

CONHON  YELLCNTHROAT 

14 

14 

29 

17 

18 

13 

14 

4 

CATBIRD 

14 

2 

17 

7 

9 

3 

BRONN  THRASHER 

14 

7 

31 

14 

13 

5 

20 

20 

HOUSE  NREN 

51 

17 

23 

9 

22 

4 

BLACK-CAPPED  CHICKADEE 

14 

4 

9 

0 

ROBIN 

ID 

0 

13 

0 

13 

0 

EASTERN  8LUE9IR0 

25 

0 

CHINNEY  SNIFT 

25 

0 

TOTAL  SPECIES 

30.8 

3.1 

30.8 

2.2 

22.0 

1.5 

19.0 

1.7 

VISITING  SPECIES* 

4.8 

1.0 

5.9 

1.3 

3.5 

1.3 

5.5 

0.4 

BREEDING  SPECIES 

24.0 

2.4 

25.0 

2.4 

18.3 

1.7 

12.8 

2.5 

Small  Mammal  Studies 


The  prairie  deer  mouse  (Peromyscus  maniculatus  bairdii)  was  the  most  abundant 
prairie  small  mammal,  accounting  for  more  than  82  and  39  percent  of  the  captures  in  the 
prairie  control  and  test  areas,  respectively  (Table  !2).  Except  for  two  Blarina  in  the 
prairie  test  site,  and  one  least  shrew  (Cryptotis)  in  the  prairie  control,  all  other  captures 
in  these  areas  were  similar,  both  in  composition  and  number.  Although  density  of  some 
mammal  species  was  higher  in  the  prairie  test  area,  the  total  captures  (51  and  33, 
respectively,  in  the  control  and  test)  suggested  slightly  elevated  populations  in  the 
control. 

The  white-footed  mouse  (Peromyscus  leucopus)  dominated  the  riparian  test  and 
control  areas  and  accounted  for  well  over  50  percent  of  the  captures.  The  total  numbers 
and  richness  of  captured  small  mammals  were  virtually  identical  (90  and  98  individuals  in 
the  control  and  test,  respectively).  Slightly  fewer  prairie  voles  (Microtus)  and  no 
Peromyscus  maniculatus  were  captured  <n  the  riparian  study  areas,  but  the  meadow 
jumping  mouse  Zapus  was  captured  only  in  the  riparian  sites.  The  prairie  areas  were  also 
very  similar;  however,  trap  successes  of  3.4  to  5.3  percent  in  the  prairies  compared  to 
9.4  to  10.2  percent  in  the  riparian  areas  may  suggest  fundamental  differences  between 
small  mammal  populations  in  prairie  and  riparian  vegetation  types. 


Table  12 

Smali  Mammal  Trapping  Data  and  Analysu  Based  on  Four  Trap  Days 
(60  traps  (960  trapdaysj  in  each  study  area,  13-26  June  1984). 


PRAIRIE 

STUDY  AREAS 

PRAIRIE 

RIPARIAN 

RIPARIAN 

SPECIES 

CONTROL 

TEST 

CONTROL 

TE5T 

Blarina  brevicada 

0 

2 

0 

9 

Cryptotis  parva 

1 

0 

2 

0 

Nircatus  ochroqaster 

3 

9 

5 

3 

Peroayscus  leucopus 

2 

B 

80 

79 

Pero«yscus  •aniculatus 

*2 

13 

0 

0 

Rei throdontoiys  sp. 

3 

1 

2 

J 

Zapus  hudsomus 

0 

0 

1 

2 

TOTALS 

51 

33 

90 

98 

TRAP  SUCCESS 

5.3 

3.4 

10.2 

9.4 

37 


Discussion 


Riparian  forest  habitats  generally  support  higher  bird  and  small-mammal  popula¬ 
tions  than  adjacent  nonriparian  habitats.  Riparian  systems  in  the  western  and 
southwestern  United  States  have  the  highest-density  bird  populations  of  ail  North 
America  forests  of  equivalent  area. 1 14  Compared  to  the  adjacent  grasslands,  avian 
density  in  the  riparian  study  areas  was  high.  This  may  suggest  similar  general 
conclusions  regarding  the  importance  of  Fort  Riley's  riparian  areas  for  maintaining  local 
and  perhaps  regional  avian  diversity.  Consequently,  the  manipulation  or  loss  of  riparian 
habitat  may  extend  several  hundred  meters  beyond  the  edge  of  the  streamside 
vegetation.  In  the  desert  southwest,  it  is  questionable  whether  riparian  areas  are  a 
renewable  resource  that  can  sustain  damage  and  exploitation.15 

The  riparian  habitats  in  and  ad;acent  to  the  MPRC  are  successional  communities 
resulting  from  farming  and  logging  during  the  late  1800s  to  the  1940s.  No  baseline  data 
were  available  on  the  riparian  system's  condition  during  presettlement  times.  Most  of 
the  tree  species  occurring  in  these  areas  reproduce  vegetatively,  and  are  not  eliminated 
completely  by  logging  (for  example,  processes  such  as  stump  suekering  occur).  Thus,  the 
existing  riparian  habitat  plant  species  mix  is  similar  to  that  of  the  presettlement 
condition.  Structural  aspects  of  the  habitat  have  likely  been  modified  and  have 
undoubtedly  influenced  the  avifauna.  This  is  especially  true  if  correlations  between 
avian  communities  and  habitat  structure  found  elsewhere  apply  at  the  study  areas.16 
The  avian  communities  at  Fort  Riley  are  probably  similar  to  presettlement  communities, 
since  the  historic  riparian  habitat  was  also  perturbed  by  disturbances  that  created  edge 
habitat  between  riparian  and  prairie.  Fire,  winter  exposure,  drought,  insect 
infestations, windthrow  of  trees,  ice  storms,  and  other  perturbations  enriched  edge 
habitats.  Most  birds  in  the  present  riparian  systems  either  breed  or  feed  in  edges.  Thus, 
disrupt  >n  of  edge  habitat  can  greatly  reduce  avian  and  other  populations.  If  edges  are 
left  i..td -t,  and  the  riparian  core  modified,  there  will  be  fewer  changes  in  avian 
communities;  if  riparian  systems  are  left  intact  and  the  edges  modified,  greater  changes 
may  be  expected. 

Riparian  systems  are  not  only  important  breeding  and  water  areas  for  birds  and 
mammals,  but  also  serve  as  migratory  habitat.  They  often  contain  10  times  as  many 
migratory  animals  as  nonriparian  habitats.  p  Complete  destruction  of  riparian  area  in 
the  MPRC  would  greatly  modify  avian  communities.  Sustained  heavy  use  of  these  areas 
might  cause  less,  but  still  substantial  declines,  because  many  of  the  vocally  reliant 
breeding  and  avian  courtship  behaviors  may  not  succeed  above  military  noise.  Construc¬ 
tion  and  use  of  the  MPRC  may  cause  loss  of  birds  in  the  prairie  areas  because  the 
predominant  vegetation  (perennial  prairie  grass  and  forb)  will  change  to  plant  forms 
dominated  by  weed  species,  possibly  with  areas  of  bare  soil,  or  the  site  may  become 
dominated  by  monocultures  of  nonnative  vegetation. 

Construction  and  use  of  the  MPRC  area  are  likely  to  cause  vegetation  shifts.  If 
riparian  vegetation  is  bulldozed,  some  riparian  species  may  be  eliminated  locally  in  the 


,UJ.  R.  Lacey,  P.  R.  Ogden,  and  K.  F.  Foster,  Southern  Ancona  Riparian  Habitat;  Spatial 
Distribution  and  Analysis  (University  of  Arizona,  Tucson,  1975). 

1 SJ.  R.  Lacey,  P.  R.  Ogden,  and  K.  E.  Foster. 

lhJ.  R.  Karr;  M.  F.  Wilson,  "Avian  Community  Organization  and  Habitat  Structure," 
Ecology,  Vol  55  (1974)  pp  1017-1029;  R.  11.  MacArthur,  "Environ  mental  Factors 
Affecting  Bird  Species  Diversity,  "Amer.  Sat.,  Vol  98  (1964),  pp  387-398 
1  'Lacey,  Ogden,  and  Foster. 


short  term.  The  duration  of  this  impact  is  determined  by  the  time  necessary  for  natural 
dispersal  mechanisms  to  bring  seeds  in  and  for  the  plants  to  become  established.  Some 
species,  including  ragweed,  sunflowers,  poison  ivy,  eiders,  and  coralberry,  may  flourish 
with  construction  and  MPRC  use.  Thirty  to  50  years  may  be  required  to  reestablish 
larger  woody  vegetation  with  forest  structural  aspects  that  are  attractive  to  wildlife.  If 
soils  are  disrupted  significantly  or  lost  during  construction  or  use,  this  amount  of  time 
may  be  prolonged.  If  the  riparian  core  is  left  intact  and  edge  habitat  is  lost,  restoration 
of  edge  habitat  would  be  greatly  accelerated  by  the  adjacent  intact  riparian  core,  which 
can  serve  as  a  source  of  plant  propagates. 

Species  whose  habitats  are  disturbed  by  construction  of  the  MPRC  will  likely  cause 
the  immediate  replacement  of  existing  prairie  plants.  Many  prairie  plant  species  that 
have  reestablished  over  the  years  in  the  fallowed  MPRC  lands  would  be  reduced  or 
eliminated.  Their  reinvasion  and  establishment  in  the  MPRC  may  be  slower  than  during 
the  reinvasion  after  farming,  especially  if  soils  are  significantly  modified.  The  seed 
source  for  prairie  plants  that  could  potentially  reinvade  may  become  more  removed  from 
the  MPRC  due  to  increased  destruction  of  vegetation  and  soils  by  tracked  vehicle  use  on 
adjacent  lands.  Plant  succession  could  be  initiated  after  construction  of  the  MPRC. 
Loss  of  soil,  intact  vegetation,  and  soil-seed  banks  (seeds  preserved  in  the  soils  that 
resprout  with  disturbances)  could  cause  poor  regrowth  of  native  prairie  plants  and  could 
reduce  the  importance  of  the  prairie  community.  Weedy  plant  species  that  respond 
quickly  to  disturbance  will  replace  the  prairie  plants.  Several  plants  that  are  already 
present  and  are  likely  to  invade  and  increase  in  the  MPRC  land  are  onsidered  noxious 
species,  and  their  increased  importance  would  be  undesirable.  These  include  thistles, 
bindweed,  and  poison  ivy.  If  soil  disturbances  are  severe,  even  establishment  of 
disturbed-site  plant  species  may  be  slowed. 

A  shift  toward  weedy  plant  species  may  shift  mammals  toward  greater  dominance 
by  deermice  (Peromyscus  spp.),  with  reductions  in  shrews,  voles,  moles,  and  perhaps 
othe'  species.  Mammal  populations  at  Fort  Riley  have  been  found  to  be  higher  than 
those  on  adjacent  lands. :  ■  This  is  thought  to  result  from  the  patchy  vegetation  mosaic 
present,  including  intact,  undisturbed  native  prairies  and  successional  farmlands.  If 
native  prairie  grasses  and  riparian  vegetation  reestablish  after  construction,  small- 
mammal  populations  may  return  to  existing  levels  or  at  least  to  naturally  fluctuating 
populations.  However,  with  construction  and  persistent  use  of  the  MPRC,  small-mammal 
populations  may  decline  (as  much  as  20  percent  has  been  measured)  and  may  shift  in 
species  composition  and  diversity. 

With  increased  weediness  of  the  existing  prairies,  avian  communities  may  also 
decline,  and  some  prairie  bird  species  may  leave  the  area.  However,  a  lush  regrowth  by 
invading  weed  species  might  favor  quail,  pheasants,  prairie  chickens,  doves,  grackles,  and 
red-winged  blackbirds.  Avian  visits  may  increase  with  increased  weediness.  If  disturbed 
prairies  are  gradually  replaced  by  prairie  grasses,  a  shift  toward  upland  plovers, 
grassnopper  sparrows,  dickcissels,  and  meadowlarks  is  likely.  These  species  would  be 
especially  attracted  and  invasive  when  the  insects  they  feed  on  return  or  are  accessible. 
Meadowlarks  and  plovers  eat  mostly  beetles,  while  dickcissels  and  grasshopper  sparrows 
use  lepidoptera  and  orthoptera  insects  and  prairie  grass  seeds  for  food. However, 
persistent  military  use  could  substantially  reduce  prairie  bird  populations. 


■'Five  Year  Wildlife  Management  Plan. 

■  ’P.  G.  Risser,  K.  C.  Birney,  H.  D.  Blocker,  S.  W.  May,  W.  J.  Parton,  and  J  A.  Wiens,  The 
True  Prairie  Ecosystem  (Academic  Press,  1981). 
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The  data  of  this  study  concur  with  those  of  a  study  by  Johnston  on  the  relative 
numbers  of  birds  using  riparian  and  prairie  habitats  in  Kansas.'’0  Johnston  found  that  23 
bird  species,  or  13  percent  of  the  176  species  in  the  state,  used  only  the  prairies.  Risser, 
et.  al.,'1  found  that  13  to  15  bird  species  used  the  prairies.  The  data  for  the  current 
study  also  concurred  with  Risser  on  bird  species  that  are  important  in  prairies.  Prairie 
bird  species  make  up  about  5  percent  of  all  North  American  bird  species.  In  Kansas, 
about  58  percent  of  all  birds  are  woodland  species;  some  were  at  their  range  limits  in  the 
Fort  Riley  study  region.  This  included  the  scissor-tailed  flycatcher  at  the  northern  edge 
of  its  range,  the  black-capped  chickadee  at  its  southern  limit,  and  several  species  at 
their  western  range  limits  in  Kansas  riparian  systems.  Included  w  re  the  orchard  oriole, 
yellow-billed  cuckoo,  and  chipping  sparrow.''  Numerous  active  nests  (containing  eggs) 
"found  during  this  project  suggested  the  study  period  was  good  for  analyzing  avian 
communities;  this  was  supported  by  Johnston  as  being  the  period  when  most  birds  breed 
during  an  average  year. 

Some  mammal  species  were  also  close  to  their  range  limits  in  the  study  region.  For 
example,  the  meadow  jumping  mouse  (Zapus  hudsonius)  is  limited  to  wooded  portions  of 
Kansas  because  of  affinities  with  the  deciduous  forests.  No  captured  mammal  species 
was  indigenous  only  to  grasslands.  In  general,  mammal  community  composition  was 
typicaH  rfor  this  area  of  Kansas.  The  region  is  located  in  or  near  the  edge  of  several 
biotic  provinces.  No  endemic  mammals  were  collected  (or  occur);  however,  27  to  43 
mammal  species  are  found  in  this  region,  depending  on  the  relative  importance  of 
deciduous  forest  and  prairie  in  an  area. 

Ecological  Implications 

Woody  plants  may  actually  increase  in  some  areas  because  cf  tracked  vehicle 
damage  to  prairie  sod.''  Establishment  of  woody  vegetation  in  the  prairie  could  increase 
the  effective  habitat  edge.  However,  since  soils  in  the  study  area  are  very  susceptible  to 
compaction,  the  potential  for  establishing  wood  vegetation  in  tracked  vehicle  ruts  may 
be  reduced.  The  tracked  vehicle  use  per  acre  is  already  high. 's  With  development  of  the 
MPRC,  it  would  be  expected  to  increase  substantially  and  become  intensely  localized. 
The  road  improvements  that  accompany  MPRC  development  might  also  increase  use 
because  they  would  provide  better  access  to  the  MPRC  area. 

Historic  grazing  and  farming  of  the  property  has  likely  been  responsible  for 
reducing  prairie  forbs  and  grasses.  Many  plant  species  known  to  increase  with  grazing 


■°R.F  Johnson,  The  Breeding  Birds  of  Kansas,  Vol  12,  No.  14  (University  of  Kansas, 
Museum  of  Natural  History,  1964),  pp  575-655. 

-  :  Risser,  et  al. 

•  *’D.  W.  Johnson  and  K.  P.  Odum. 

■’  !E.  L.  Cockrum,  Mammals  of  Kansas,  Vol  7.  No.  1  (Univeristy  of  Kansas  Publications, 
Museum  of  National  History,  1952),  pp  1-303. 

“T.  B.  Bragg  and  L.  C.  Hulbert,  "Woody  Plant  Invasion  of  L'p.b"rnec5  Kansas  Bluestem 
Prairie",  Jo  Range  Management,  Vol  29,  No.  1  (1977),  pp  19-24. 

'e’W.  D.  Goran,  L.  L.  Radke,  and  W.  1).  Severinghaus,  An  Overview  of  the  Ecological 
Effects  of  Tracked  Vehicles  on  Major  U.S.  Army  Installations,  Technical  Report 
N-142/ADA126694  (U.S.  Army  Construction  Engineering  Research  Laboratory  [USA- 
CERLj,  1983). 


and  agricultural  disturbances  were  found  to  be  widespread  and  relatively  abundant  (Table 
9)  in  the  prairie  study  areas. This  suggests  either  that  farming  and  grazing  were 
widespread,  or  that  farming  followed  by  military  activities  had  an  effect  on  plant  species 
composition  that  was  similar  to  the  effect  of  grazing  and  agriculture  in  other  areas. 
Most  land  in  the  MPRC  has  been  subjected  to  recurring  disturbances  by  tracked 
vehicles.  Only  a  small  part  of  the  area  has  been  exposed  to  constant,  intense,  or 
frequent  repeated  tracked  vehicle  use.  Single  drive-through  events  by  tracked  vehicles 
were  frequent  around  the  proposed  MPRC  property  and  in  parts  of  the  control  study 
areas. 


Although  not  exhaustive,  the  following  lists  several  tracked  vehicle  impacts  that 
were  observed  and  some  that  arc  likely  to  occur  in  the  MPRC  area. 

1.  Tracked  vehicle  impacts  can  cause  or  initiate  soil  compaction,  reduce  soil 
permeability,  and  increase  erosion  potential. 

2.  Shearing  of  soils  with  exposed  cuts  can  increase  soil  erosion  potential.  The 
reduced  albedo  of  exposed  soils  can  raise  soil  temperatures,  which  can  reduce  successful 
establishment  and  survival  of  vegetation. 

3.  Soil  ruts  can  occur  and  can  concentrate  runoff  and  lead  to  gullying. 

4.  Vehicle  tracks  can  initiate  stream  bank  erosion  by  destroying  bank  vegetation  or 
by  modifying  in-stream  flow  patterns  and  rates. 

5.  Dust  generation  can  reduce  vegetation  production  and  eliminate  intolerant 
plants. 

6.  Direct  elimination  of  vegetation  by  shearing  and  scraping  can  select  for  plant 
species  that  can  survive  these  disturbances. 

7.  Damage  or  removal  of  tree  canopies  can  eliminate  subvegetation  that  requires 
shade. 


8.  Damage  to  tree  roots  and  branches  can  allow  infections  to  enter  plants. 

9.  Reduction  of  woody  vegetation  cover,  forest  structure,  and  complexity  of 
ground  cover  vegetation  can  modify  avian  and  small-mammal  populations. 

Generally,  construction  activities  can  be  expected  to  have  similar  impacts, 
including: 

1.  Complete  removal  of  topsoil  (which  contains  soil-seed  banks)  and  destruction  of 
wildlife  habitat  are  often  likely  in  the  short  term. 

2.  Widespread  soil  compaction,  disruption  *o  soil  structure,  and  loss  of  all 
vegetation  may  occur. 

Many  other  impacts  are  associated  with  tracked  vehicle  use  and  construction 
activities.  Critical  considerations  in  designing  tracked  vehicle  use  areas  (e.  g.,  locating 
trails  along  land  contours  and  considering  seasonality  and  frequency  of  training  area  use) 


•  ^ Risser,  et  al. 
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are  important.  Properly  designed  training  ground  accesses  and  stream  and  slope 
crossings  can  minimize  tracked  vehicle  impacts.  However,  a  tracked-vehicle  training 
program  must  also  have  feedback  mechanisms  for  informing  land  managers  about  how 
effective  their  management  strategies  are.  Monitoring  the  impacts  and  effectiveness  of 
mitigation  ana  reclamation  is  required;  however,  it  can  also  serve  as  an  important 
feedback  mechanism. 


Reclamation,  Ecological  Monitoring,  and  Management 

An  ecological  monitoring  program  would  greatly  facilitate  use  of  the  MPRC  for 
sustained,  long-term  training  activities.  The  period  of  time  over  which  the  MPRC  can  be 
used  for  effective  training  will  be  governed  partly  by  the  management  strategy  for  the 
land,  which  is  closely  linked  to  reclamation  and  site  stabilization,  and  ultimately  to  a 
strong  monitoring  or  feedback  program.  After  a  construction  zone  is  reclaimed  by 
introducing  vegetation  cover  and  modified  surface  hydrologic  strategies,  it  is  also 
important  to  maintain  a  relevant,  effective  system.  This  depends  on  having  a  good 
monitoring  program. 

Reclamation  becomes  increasingly  difficult  with  the  increase  of  slope,  substrate 
erodibility,  toxicity/soil  nutrient  relationships,  and  frequency  and  persistence  of  success- 
reducing  agents.  It  is  difficult  to  reclaim  a  heavily  used  tracked-vehicle  training  area. 
Rotation  of  training  activities  away  from  reclaimed  belts  or,  at  least  minimizing  the  use 
of  selected  areas,  such  as  buffers  or  vegetation  plantings,  would  be  desirable;  however, 
this  may  not  be  compatible  with  intended  military  land  uses. 

Reclamation  strategies  must  consider  the  varying  intensity  of  military  training 
activities.  A  variety  of  plant  species  with  different  tolerances  to  training  activities 
should  be  used.  For  example,  use  of  tolerant  buffalo  grass  (Buchloe  dactyloides)  or  blue 
grama  (Bouteloua  g-acilis)  is  recommended  over  introduced  species  (e.g.,  Festuca  elatior, 
Bromus  inermis,  etc.)  or  even  some  native,  soil-compaction-intolerant  species,  like  big 
and  little  bluestem  grasses  (Andropogon  gerardii  and  A.  scoparius).  Native,  locally 
adapted  genetic  stock  should  be  used  for  reclamation.  Fort  Riley  is  ideally  located  for 
collecting  locally  grown  seed  for  reclamation. 

Localized  High-Risk  Erosional  Areas 

Localized  high-risk  erosional  areas  occur  along  road  corridors,  in  construction 
corridors,  along  tank  trails,  in  association  with  targets,  and  in  slope  and  stream  crossings 
and  other  areas  receiving  persistent  heavy  tracked-vehicle  traffic.  Reclamation  of  these 
areas  should  try  to  control  surface  water  flow  and  minimize  erosion.  Establishment  of 
vegetation  cover  could  be  the  cheapest  long-term  solution;  however,  this  may  not  be 
possible  in  the  most  heavily  impacted  areas.  An  alternative  would  be  to  establish 
biological  sediment  traps  that  use  plants  to  filter  and  catch  eroded  materials27  before 
they  enter  Madison  Creek  or  its  tributaries.  These  catchment  basins  and  filtration 
systems  should  be  planted  with  wetland  plant  species,  including  cattails  (Typha  spp.), 
reeds  (Scirpus  spp.)  rushes  (Cyperus  spp.),  sedges  (Carex  spp.),  and  rooted  submerged 
aquatic  plant  species  (Potamogeton  spp.,  Elodea  spp.,  Certophyllum  sp.,  etc.).  Collected 


sediments  could  be  removed  from  primary  catchment  areas  and  placed  in  upland  areas 


27 Environmental  Impact  Statement:  Fresh  Water  Wetlands  for  Wastewater  Management, 
Technical  Report  #904/9-83-107  (U.  S.  Environmental  Protection  Agency  [USEPA], 
March  1983). 
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for  rovegetation.  Minimizing  of  erosion  in  upslope  areas  would  reduce  the  maintenance 
demands  of  the  sediment  traps  and,  if  entirely  effective,  would  minimize  the  need  to  use 
the  traps.  Contour  vegetation  belts  and  low-use  areas  that  are  removed  from  heavy 
military  activity  could  also  be  useful. 

Expansive  High-Risk  Erosional  Areas 

Expansive,  high-risk  erosional  areas  include  large  areas  from  which  topsoil  is 
removed  for  berm  construction,  where  slope  contouring  has  occurred,  or  where  vehicles 
are  held  temporarily.  They  are  expansive,  disturoed  areas  that  may  span  several 
drainage  systems.  It  is  recommended  that  sediment  traps  be  used  in  critical  areas  and 
that  slope  contour  plantings  be  emplaced.  Vegetative  belts  in  conjunction  with  surface 
water  runoff  regulators  could  be  used  to  effectively  minimize  movement  of  soils  from 
construction  areas  to  downstream  environments  such  as  Madison  Creek  and  Milford 
Reservoir.  It  is  also  recommended  that  the  belts  be  planted  with  native  prairie  species 
and  a  fast-growing,  soil-stabilizing  cover  crop.  Disturbed  sites  would  then  be  reestab¬ 
lished  as  prairie.  The  cover  crop  (e.  g.,  barley,  oats,  wheat,  sweet  clover)  can  effectively 
minimize  erosion,  cool  soils,  and  invite  insect,  avian,  and  small-mammal  use  of  the 
property.  It  can  also  promote  growth  and  establishment  of  native  prairie  plants.  In  the 
autumn,  local  prairie  hay  should  be  cut  and  spread  over  areas  to  be  reclaimed  shortly 
after  winter  wheat  (cover  crop)  has  been  planted  at  high  seeding  rates.  Germination  of 
the  wheat  and  its  growth  through  the  prairie  hay  in  both  the  fall  and  spring  will  help 
stabilize  the  hay  during  windy  periods  and  promote  its  contact  with  soil.  If  other  plants 
are  to  be  introduced,  they  should  be  seeded  at  the  same  time  as  the  winter  wheat,  or  the 
seed  broadcasted  after  the  wheat  has  become  established.  This  technique,  coupled  with 
applications  of  site-specific  fertilizer  (based  on  soil  sampling)  will  get  the  seed  into  the 
soil  at  the  best  time  for  establishing  native  grasses.  It  will  also  mulch  the  system  with 
long,  fibered  material  at  minimum  cost  (compared  to  commercially  bagged  wheat  hull 
mulch),  and  should  result  in  a  low-maintenance  vegetation  cover.  Because  of  the 
generally  positive  response  of  prairie  grasses  and  forbs  to  fire,  it  may  be  desirable  to 
include  these  areas  in  the  burning  program  at  Fort  Riley.  This  may  favor  wildlife  species 
associated  with  prairie.  It  is  important  to  time  the  haying  operation  so  that  the  seed  is 
in  the  correct  stage  for  harvest.  Reducing  the  time  that  hay  is  held  before  being  spread 
may  be  desirable  for  maximum  seed  viability. 

Riparian  and  Edge  Habitat 

Traditional  forestry  practices--planting  of  trees  and  shrubs— might  be  desirable  for 
reclaiming  habitat  edges.  Seedling  stock  can  be  purchased  (or  perhaps  grown  in  a  nursery 
at  the  installation)  and  then  reintroduced.  Planting  black  walnut  seed,  branch  cuttings  of 
willow  and  hybrid  poplar  species  (into  muddy  moist  soil  areas),  and  root  cuttings  from 
dogwoods,  elders,  and  wild  plum  could  accelerate  natural  successional  processes. 


2  ESTIMATES  OF  TRAINING  IMPACTS  ON 
SEDIMENT  YIELD  AT  TI«E  FORT  RILEY, 
KS,  MPRC* 


Introduction 

The  Fort  Riley  MPRC  trains  personnel  in  a  dynamic  battle  situation,  and  has 
several  advantages  over  static  firing  situations.  However,  there  will  be  environmental 
problems  associated  with  this  concept,  since  it  requires  continuous  movement  of 
personnel  and  armor  across  the  land.  One  problem  is  the  possibility  of  increased  soil 
erosion  caused  by  the  anticipated  disturbance  to  vegetation  and  soils.  This  chapter 
assesses  the  potential  erosion  impacts  of  the  MPRC  to  help  land  managers  at  Fort  Riley 
prevent  degradation  of  the  complex  to  an  unusable  condition. 


Approach 

The  potential  erosion  problems  of  the  MPRC  were  assessed  using  a  mathematical 
model  to  predict  water  and  sediment  yield  from  watersheds.  The  model  is  currently  part 
of  the  U.  S.  Army's  Environmental  Technical  Information  System, 2  8  available  through 
USA-CERL.  In  general,  the  model  simulates  the  movement  of  water  and  sediment  from 
rainfall,  across  the  soil  surface,  and  through  channels  systems.  The  model  is  based  on 
actual  physical  processes  and  is  the  best  state-of-the-knowledge  representation  of  the 
important  controlling  phenomena  responsible  for  erosion. 

Because  of  budget  constraints,  on-ground  data  collection  consisted  of  only  a  field 
inspection  and  bulk  soil  sampling.  The  ether  data  needed  to  run  the  model  were  gathered 
from  published  sources,  such  as  maps,  construction  drawings,  soil  surveys,  scientific 
literature,  and  previous  reports  on  the  area. 

The  MPRC  was  modeled  with  respect  to:  (1)  its  role  as  an  impacting  agent  on 
watersheds  draining  the  area  and  (2)  a  sediment  source  via  the  proposed  road  network. 
The  first  part  was  approached  in  "before  and  after"  scenarios.  The  ba--*  rainfall  event 
was  a  25-year-return-period,  1-hour-duration  storm  of  3  in.  total  deptu  distributed  in 
time  following  U.  S.  Bureau  of  Reclamation  suggested  fractions  of  0.48,  0.71,  0.88,  and 
1.0  for  the  15-,  30-,  45-,  and  60-minute  depths,  respectively. 

Six  drainages  were  modeled  as  shown  in  Figure  3.  All  drainages  except  number  2  in 
Figure  3  contribute  to  Madison  Creek  near  the  MPRC.  For  the  model,  the  drainages 
were  broken  down  into  10  small  watershed  units,  seven  planar  units,  and  eight  channels 
(Figure  4).  Information  on  infiltration  rates,  soil  particle  size,  vegetative  cover,  and 
geometric  characteristics  was  developed  for  all  these  units.  Table  13  summarizes  the 
geometric  characteristics.  Soils  in  the  MPRC  are  predominantly  silt  loams  and  silty  clay 
loams.  Published  infiltration  characteristics  from  the  literature  were  used  in  the 
model.  The  hydraulic  conductivity  of  the  soil  was  assumed  to  be  0.3  in.  per  hour.  The 
bulk  soil  samples  were  sieved,  resulting  in  a  distribution  that  was  18  percent  in  the  silt 
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Table  13 


Geometric  Characteristics  of  Drainage  Units 


Uni  t 

Part 

*  Area  (acres) 

Flow  length  (feet) 

Slope,  decimal 

WS1.  1 

L 

18.5 

343 

0.054 

a 

27 

500 

0.042 

c 

2344 

0.030 

WS1. 2 

L 

45.5 

1035 

0.039 

a 

19.5 

443 

0.041 

c 

1912 

0.018 

PI.  1 

9 

333 

0.045 

PI.  2 

47 

1740 

0.031 

CHL 

1175 

0.017 

PI.  3 

51.5 

682 

0.042 

CH  2 

— 

3289 

0.006 

CH3 

-- 

2160 

0.005 

WS2. 1 

L 

100 

677 

0.025 

R 

159.5 

1080 

0.038 

C 

6423 

0.016 

WS  2 . 2 

t. 

12  3.5 

810 

0.030 

R 

66 

433 

0.029 

c 

-- 

6620 

0.016 

WS  3 

L 

42.5 

528 

0.028 

R 

33 

410 

0.038 

C 

-- 

3500 

0.023 

CH4 

-- 

3000 

0.003 

WS4  .  i 

L 

16.5 

378 

0.025 

R 

23.5 

540 

0.027 

-*• 

V- 

-- 

1896 

0.022 

WS  4  •  2 

L 

19 

657 

0.032 

R 

7 

242 

0.026 

n 

1258 

0.029 

P4.  1 

64 

934 

0.032 

?4.  2 

85 

1244 

0.032 

CHS 

2970 

0.016 

CH  6 

-- 

5040 

0.002 

WS5 .  1 

L 

20 

364 

0.020 

R 

38.5 

700 

0.032 

c 

-- 

2390 

0.021 

WS  5 .  2 

L 

26 

650 

0.030 

R 

9.5 

238 

0.032 

c 

-- 

1738 

0.023 

PS.  1 

125.5 

1211 

0.034 

PS.  2 

6  2.5 

603 

0.030 

CH  7 

-- 

4516 

0.010 

WS  6 

L 

33 

388 

0.037 

R 

65.5 

760 

0.035 

r> 

-- 

3700 

0.023 

CH  8 

-- 

720 

0.003 

*  L  - 

left 

side  when  looking 

downstream . 

a  - 

Right 

side  when  looking 

downstream . 

c  - 

Channel  common  to  both 

sides . 

aV-V-V  «".*■ '-jV.v, v~.-.v.\  s ^  c y* «■»»■», y ■ 


and  clay  range  and  15  percent  in  the  grave!  range.  These  values  seem  to  be  a  bit  higher 
than  the  published  values,  but  were  used  in  lieu  of  better  data.  Ground  cover  was 
estimated  to  vary  between  80  and  100  percent,  but  the  more  conservative  80  percent  was 
used  for  the  modeling. 


Results 

Four  scenarios  were  simulated.  The  key  variables  changed  were  the  hydraulic 
conductivity  and  the  ground  cover.  Scenario  1  was  base  conditions.  Scenario  2  was  a  75 
percent  reduction  in  the  hydraulic  conductivity  and  a  reduction  to  30  percent  of  the 
ground  cover.  Scenario  3  was  a  reduction  of  the  ground  cover  to  10  percent,  and  scenario 
4  was  a  mixed  scenario,  in  which  the  variables  were  modified  according  to  how  much  of 
the  drainage  unit  was  in  the  MPRC.  As  expected,  the  worst  scenario  was  number  3. 
Here,  onslope  sediment  yields  increased  by  factors  exceeding  100  on  some  planes,  and  the 
overall  sediment  yield  at  the  mouth  of  channel  8  increased  by  a  factor  of  5.0.  Scenario  4 
produced  a  3.5  increase,  and  scenario  2  produced  a  2.1  increase. 

Road  sediment  yield  was  analyzed  using  slopes  of  2  and  6  percent  and  lengths  of 
100  and  500  ft.  The  yield  per  unit  area  was  much  greater  for  the  roads  than  for  the 
baseline  offroad  areas,  but  as  the  scenarios  tended  toward  decreased  stability,  the 
offroad  areas  often  exceeded  the  lower-slope  road  values. 


Conclusion 

Given  the  physical  environment  and  potential  impacts  to  the  soil  and  vegetation  in 
the  area,  it  appears  that  the  MPRC  would  increase  sediment  yields  by  a  factor  of  2  to  5. 


3  ENVIRONMENT  Ah  IMPACTS,  MAINTENANCE,  AND  MANAGEMENT 
PERSPECTIVES  AND  OPTIONS  FOR  THE  FORT  RILEY  MPRC* 


Introduction 

In  August  1984,  USA-CERL  hosted  a  2-day  workshop  to  review  technical  informa¬ 
tion  and  discuss  environmental  impacts  and  management  options  for  the  land  in  and 
around  the  new  Fort  Riley  MPRC.  This  chapter  summarizes  the  finding  of  the 
workshop.  Details  of  the  technical  presentations  are  reported  elsewhere.  J 

The  immediate  goal  of  the  workshop  was  to  present  a  forum  for  discussing 
environmental  and  operational  concerns  related  to  MPRC  construction,  use,  main¬ 
tenance,  management,  monitoring,  and  conceptual  design.  Discussions  focused  on  the 
land  needed  for  training  activities,  the  types  of  training  activities  proposed,  and  the 
weapon  systems  to  be  used  at  the  MPRC.  The  ultimate  goal  of  the  workshop  was  to 
prepare  a  guidance  document  and  a  training  program  for  managing  and  designing  MPRC 
areas  for  use  by  other  posts  installing  this  type  of  range.  The  product  would  help  post 
engineers  develop  "scopes  of  work"  for  MPRC  design,  development,  and  maintenance 
contracts  and  for  scientific  investigations.  Discussion  focused  on  the  land  needed  for 
training  activities,  the  types  of  training  activities  proposed,  and  the  weapon  systems  to 
be  used  at  the  MPRC. 


The  Fort  Riley  MPRC 

The  MPRC,  which  encompasses  4500  by  1000  m,  consists  of  a  block  of  land  with 
three  nonlinear  lanes  that  enter  the  complex  or.  one  end  and  move  roughly  two-thirds  of 
the  total  length  of  the  range  to  turnaround  locations.  Tanks  will  exit  at  the  same  place 
they  enter  the  range.  Training  will  be  geared  toward  various  types  of  weapons  and  their 
uses,  including  infantry.  More  than  one  lane  will  be  used  concurrently,  and  day  and  night 
training  activities  will  receive  nearly  equal  priority.  The  expected  annual  training  period 
is  320  days,  with  45  days  allotted  for  maintenance. 

Firing  lanes  will  be  guided  by  billboard-sized  panels  that  direct  shelters  to  aim 
within  the  margins  of  the  safety  fan.  The  firing  lanes  and  perhaps  some  critical 
roadways  within  the  range  will  be  illuminated  for  night  maneuvers.  The  size  of  the 
safety  fan  will  change  with  the  type  of  weapons  being  used.  Because  of  the  longer  axis 
of  the  new  range  and  the  additional  margin  of  safety  needed  for  many  of  the  new 
weapons,  the  fan  will  be  larger  than  normal.  Although  training  and  land  management  of 
much  of  the  fan  will  be  possible  when  coordinated  with  activities  on  the  range,  the  off- 
limits  area  in  the  new  fan  will  be  larger  than  for  the  previous  range. 

Vehicle  travel  within  the  MPRC  is  to  occur  only  on  established  roadways.  Cross¬ 
country  and  road  travel  will  occur  on  peripheral  acreage  and  on  the  approach  to  the 
complex. 
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Construction  of  the  complex  involves  moving  massive  quantities  of  earth  over 
about  75  percent  of  the  MPRC.  Two-thirds  of  the  construction  project  involves  moving 
earth,  emplacing  berm  systems,  and  developing  the  target  sites  and  associated  approach 
lanes.  Construction  of  the  MPRC  had  begun  at  the  time  of  the  workshop  and  the 
construction  itinerary,  design  plan,  and  revegetation  plans  were  discussed  briefly. 


Summary  of  Technical  Presentations 

Technical  information  was  presented  that  described  the  current  condition  of  select 
physical  and  ecological  attributes  of  the  MPRC  and  adjacent  areas.  Surface  hydrological 
studies  and  modeling  established  existing  soil  loss  rates  by  erosion;  they  also  facilitated 
prediction  of  potential  losses  under  different  land  management  strategies  as  they  affect 
the  key  determinants  of  erosion  control.30  A  major  conclusion  was  that  soil  erosion  will 
increase  two  to  five  times  during  construction.  However,  additional  studies  will  be 
necessary  after  construction,  final  landscaping,  and  road  layout  have  been  completed. 
Soil  losses  were  directly  related  to  potential  degradation  of  water  quality  in  streams 
originating  or  passing  near  the  MPRC.  The  vulnerabilty  of  the  soil  types  in  the  MPRC 
was  discussed.  Subsequent  presentations  detailed  the  existing  ecological  condition  in 
areas  to  be  disturbed  by  MPRC  construction  and  use  and  in  adjacent  areas  that  would 
remain  unmodified.  The  study  team  characterized  the  present  condition  of  vegetation, 
birds,  and  small  mammals,  and  discussed  potential  impacts  of  the  MPRC.  The  team  has 
installed  2  permanent  ecological  monitoring  system  that  can  reliably  assess  the  impacts 
of  MPRC  construction  and  use. 


Summary  of  Discussions 

Discussions  that  followed  the  technical  presentations  were  of  four  general  topics: 
(1)  impacts  of  MPRC  construction  and  use,  (2)  land  management  design,  maintenance 
needs,  and  suggested  mitigations,  (3)  environmental  monitoring  and  additional  research 
needed  to  determine  impacts  and  guide  maintenance,  and  (4)  design  and  construction 
recommendations.  The  following  sections  summarize  the  discussions  of  each  topic.  The 
numerous  questions  on  specific  concerns  that  were  raised  during  the  workshop  have  been 
summarized  as  further  research  needs. 

Impacts  of  MPRC  Construction  and  Use 

Significant  environmental  impacts  are  associated  with  MPRC  construction,  use,  and 
maintenance.  Use  includes  vehicular  use  of  the  roads  or  off-road  travel,  weaponry  use, 
and  impacts  within  watersheds  that  are  used. 

1.  Construction-Related  Impacts— Ecological: 

a.  Construction  activities  will  virtually  denude  about  75  percent  of  the  MPRC. 

b.  Depauperization  of  the  existing  flora  is  expected;  this  may  result  in  the 
local  short-term  and  possibly  long-term  loss  of  many  prairie  species  in  areas  within  and 
adjacent  to  the  MPRC. 


30 Environmental  Impact  Statement:  Fresh  Water  Wetlands  for  Wastewater  Management. 


c.  Vegetation  and  plant  species  favored  by  disturbed  soil  conditions  will 
become  more  abundant  with  construction  and  use  of  the  MPRC. 

d.  Amounts  of  undesirable  noxious  weed  species,  such  as  thistles  (Cirsium 
canadensis,  Carduus  nutans),  will  increase  following  construction  activities. 

e.  Structural  aspects  of  wildlife  habitat  will  be  reduced  by  construction 
activities  that  directly  or  indirectly  impinge  on  riparian  and  edge  habitats  with  trees  and 
shrubs  (e.  g.,  along  Madison  Creek). 

f.  Reductions  of  breeding  and  visiting  birds  and  perhaps  migratory  species  are 
likely  with  loss  or  modification  of  riparian  and  edge  habitats. 

g.  Construction  activities  will  alter  prairie  bird  species  richness  and  popula¬ 
tions.  Several  species  are  likely  to  decline  for  at  least  the  first  few  years  after 
construction.  These  include  upland  plover,  dickcissels,  and  grasshopper  sparrows. 

h.  Small-mammal  populations  may  decrease  and  become  less  diverse,  and 
species  may  shift  in  relative  abundance. 

2.  Construction-Related  Impacts— Soils  and  Hydrology: 

a.  Loss  of  topsoil,  labile  soil  nutrients,  modified  soils  moistures,  inversion  of 
horizons,  and  increased  compaction  of  surface  and  subsoils  will  occur  to  various  degrees, 
depending  on  soil  type,  slope,  aspect,  and  erodibility,  and  may  be  more  pronounced  and 
significant  a  problem  if  soils  are  exposed  for  longer  periods  of  time  during  and  after 
construction. 

b.  Increased  soil  compaction  is  expected,  which  will  probably  decrease 
infiltration  and  increase  overland  runoff  and  erosional  soil  loss. 

c  Depending  on  existing  topography  and  watershed  layout,  erosional  soil  losses 
are  expected  to  increase  two  to  five  times. 

d.  In  some  watersheds,  peak  surface  water  flow  rates  are  expected  to  nearly 
double.  Peak  discharge  will  occur  sooner  after  a  storm  event. 

e.  Stream  channel  degradation  and  configurational  changes  are  expected  to 
result  from  sedimentation  and  changes  in  surface  water  movement  into  and  through  the 
water  courses.  This  is  expected  to  destabilize  existing  channels. 

f.  Roads  within  the  proposed  MPRC  generally  cut  across  slope  contours,  and 
this  layout  will  both  increase  erosional  problems  and  destabilize  roadways. 

g.  Berm  design  and  placement  will  modify  drainage  patterns  and  may  cause 
erosion  problems  of  unknown  proportion. 

3.  Use-Related  Impacts—Eeological: 

a.  Continuous  disturbance  of  soils  will  select  for  weedy  plant  species,  which 
can  obscure  targets  and  promote  increased  wildfire  frequency  and  severity.  Undesirable 
noxious  weed  species  are  expected  to  increase  in  the  MPRC,  adjacent  areas,  and  the 
safety  fan,  especially  if  maintenance  of  safety  fan  land  is  preempted  by  "off-limits" 
status. 


b.  Degradation  and  continuous  denudation  of  target  areas  and  locations 
subjected  to  frequent  drive-throughs  are  expected  to  increase  the  erosion  potential  and 
destabilize  the  areas. 

c.  Dust  generated  by  vehicle  traffic  is  expected  to  reduce  or  eliminate 
roadside  vegetation  cover,  which  could  make  roadways  and  adjacent  ditch  systems 
vulnerable  to  erosion.  The  annual  plant  species  that  would  be  favored  by  dusting  provide 
little  or  no  soil  stabilization  benefits. 

d.  The  large  amounts  of  fuel  fumes  associated  with  heav;ly  used  corridors  in 
the  MPRC  would  reduce  or  eliminate  vegetation  for  several  meters  on  both  sides  of  the 
ror.Jways  and  w^uld  destabilize  roadways  and  associated  drainage  structures.  Runoff 
from  deposits  of  these  materials  may  contribute  significant  pollutant  loads  to  aquatic 
systems,  including  Milford  Reservoir. 

e.  Muzzle  blast  zones  associated  with  the  firing  of  some  weapons  is  expected 
to  eliminate  vegetation  10  to  15  m  on  both  sides  of  the  weapon,  and  for  an  equal  or 
longer  distance  in  the  line  of  fire. 

f.  Explosion  byproducts  and  discarded  ammunition  materials  will  be  deposited 
in  and  around  the  MPRC.  Some  byproducts,  such  as  phosphorus  and  nitrate-based 
materials,  may  stimulate  plant  growth,  and  may  undesirably  enrich  local  and  perhaps 
regional  aquatic  systems.  Heavy  metal  contamination  may  occur  in  local  plant  and 
animal  populations,  and  some  of  these  materials  may  be  transported  by  runoff  into 
aquatic  systems. 

g.  Use  of  flame-throwers  and  phosphorus-based  ammunitions  will  likely  reduce 
woody  vegetation  by  increasing  wildfire  frequency.  This  would  favor  fire-tolerant 
species,  including  some  of  the  prairie  perennial  plants  and  a  variety  of  annual  weed 
species.  Disruption  and  destabilization  of  soil  humus  and  increased  loss  of  nutrients  are 
expected  with  increased  burning  frequency  or  burn  severity. 

h.  Military  debris  (ammunition  shells,  etc.)  will  make  it  difficult  to  mow  areas 
with  undesirable  weed  species,  and  may  make  hay  leasing  of  land  less  attractive.  An 
increase  of  noxious  weed  species  and  plants  (e.  g.,  most  annuals)  that  are  undesirable  for 
forage  would  also  provide  a  less  nutritious  or  desirable  hay.  An  increase  in  the  land 
committed  to  the  MPRC,  the  safety  fan,  and  roadways  and  support  lands  will  likely 
decrease  the  acreage  available  for  rent. 

i.  Decreased  revenue  generated  by  decreased  hay  leases  may  upset  the  budget 
of  the  Post  Fish  and  Game  Service  and  jeopordize  the  service  they  provide  to  Fort  Riley. 

j.  Unless  carefully  directed  and  regulated,  night  training  on  the  MPRC  could 
destroy  roadways,  culverts,  drainageways,  berms,  targets,  and  support  structures. 

k.  Frequent  soil  disruptions  around  targets  are  expected  to  produce  continuing 
problems  with  weedy  plant  species  obscuring  the  line  of  sight  from  firing  positions  to 
targets. 


1.  New  weapon  systems  and  ammunitions  are  expected  to  be  larger  and  more 
destructive.  One  example  is  the  new  Vulcan  system,  which  can  dig  a  6-ft-deep  by  22-ft- 
long  hole  when  firing  a  nonexplosive  projectile.  The  new  weapons  are  expected  to 
destabilize  target  locations  and  berms  more  frequently  and  more  severely. 
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m.  The  heavy  season  use  of  the  MPRC  will  require  a  trained  and  dedicated 
maintenance  crew  and  schedule.  A  relatively  short  maintenance  period  of  45  days  per 
year  and  heavy  demand  for  use  of  the  MPRC  may  make  maintenance  difficult.  Poor  or 
untimely  maintena  -  *  may  accelerate  degradation  of  MPRC  and  adjacent  lands. 

Suggestions  for  Land  Management  Design, 

Maintenance  Seeds,  and  Mitigation 

Impact  studies  suggested  that  construction  and  use  of  the  MPRC  and  idjacent 
property  will  primarily  upset  soils  and  modify  vegetation  cover  and  plant  species 
composition,  thus  increasing  erosion  potential.  These  environmental  modifications  would 
promote  or  cause  a  variety  of  impacts.  The  following  section  addresses  management, 
maintenance,  and  mitigation  options. 

Program  Development.  It  is  clear  that  successful,  sustained  use  of  the  MPRC  and 
adjacent  areas  will  rely  entirely  on  the  efficacy,  efficiency,  and  responsiveness  of  land 
management  and  maintenance.  Clearly,  the  magnitude  of  the  training  effort  and  the 
potential  resulting  impacts  will  require  a  trained,  committed  maintenance  crew 
specifically  responsible  for  upkeep  of  the  MPRC  and  peripheral  acreage.  Maintenance 
must  be  coordinated  carefully  with  MPRC  activities  and  will  require  daily  communica¬ 
tion  between  range  operators  and  maintenance  crews.  Care  must  be  exercised  in 
procuring  maintenance  support  by  outside  contractors.  Since  there  is  currently  no  active 
program  for  land  management  (i.  e.,  revegetation)  at  Fort  Riley,  an  effective  program 
should  be  developed.  This  program  should  be  coordinated  by  range  operators,  post 
engineers,  and  contractors,  and  should  be  funded  in  a  manner  that  will  ensure  that  the 
allocated  money  cannot  be  redirected  for  other  uses. 

Erosion  Control.  Several  erosion  control  measures  can  be  implemented  during 
construction  and  use. 

1.  Establish  belts  or  buffers  of  vegetation  to  catch  and  stabilize  eroded 
materials.  This  should  include  maintaining  at  least  a  100-  to  200-ft.-wide  buffer  of 
existing  vegetation  along  principal  drainages,  such  as  Madison  Creek,  within  the  MPRC. 

2.  Maintain  and  design  roadways,  trail  systems,  and  berm  and  target  structures  so 
they  do  not  serve  as  direct  corridors  for  runoff  to  aquatic  systems.  This  should  include 
maintenance  of  roadside  drainageways,  and  may  require  limiting  tracked-vehicle  travel 
on  the  road  surfaces  or  in  specified  areas  such  as  ditch  and  culvert  system  crossings. 

3.  Immediately  stabilize  and  revegetate  exposed  and  erodible  substrates  during 
construction  and  use  of  the  MPRC.  Species  used  should  be  quick,  low-growing, 
competitive,  relatively  inexpensive  (for  seed  and  management),  tolerant  of  wildfire,  and 
able  to  survive  compaction  by  military  vehicles.  During  construction,  it  is  desirable  to 
seed  and  stabilize  soils  even  if  they  will  be  moved  several  months  later.  Aerial  seeding 
with  60  lb  or  more  per  acre  of  winter  wneat  or  rye  should  stabilize  all  but  the  steepest 
slopes.  This  planting  could  also  serve  as  a  nurse  crop  for  growing  other  plants  such  as 
native  prairie  species.  Hydroseeding  revegetation  techniques  could  be  used  on  steeper 
slopes.  Spraying  80  to  120  lb  of  seed  per  acre  along  with  commercially  available  wheat 
hull  mulch  at  a  rate  of  1500  to  3000  lb  per  acre  should  stabilize  these  areas.  Costs 
associated  with  revegetation  usually  vary  from  $200  to  $1500  per  acre,  depending  on  the 
chosen  revegetation  strategy.  It  is  cheaper  and  less  time-consuming  to  revegetate  than 
to  dredge  or  to  move  eroded  substrates  back  upslope. 


e.V.V.V"-', 


4.  Incorporate  sediment  trapping  and  biological  filtration  pond  systems  in  strategic 
locations  to  minimize  entry  of  eroded  materials  into  local  aquatic  systems.  A  filtration 
system  could  also  serve  as  a  location  for  studying  erosion  severity,  soil  nutrient  losses, 
heavy  metal  and  explosion  byproducts,  and  other  contaminants  from  military  training 
activities.  Design  criteria  and  literature  reviews  on  filtration  system  efficiency  and 
maintenance  have  recently  been  published. 31  Maintenance  of  the  sedimentation  pond 
systems  may  include  regular  checks  of  the  stru<  cural  integrity  of  dams,  removal  of 
obstructions  from  emergency  spillways  or  overflow  pipe  systems,  and  spotchecks  of 
visually  conspicuous  problems  such  as  massive  vegetation  or  wildlife  mortality.  Ponds 
that  fill  with  sediments  may  require  dewatering  and  stabilization  by  revegetation  or 
removal  of  sediments,  with  stabilization  of  the  stockpiles.  Maintenance  should  be 
coordinated  with  any  research  projects  being  done  in  or  around  the  sedimentation  and 
biological  filtration  systems. 

5.  Stabilize  all  roadways  and  ditch  drainage  systems.  Roadways  might  best  be 
surfaced  with  harder  rock  materials  (if  available)  than  the  regionally  used  limestone. 
Areas  that  are  difficult  to  revegetate  should  be  mulched.  A  number  of  mulching 
possibilities  are  suggested,  including  use  of  wood  chips  (perhaps  generated  by  landscaping 
operations  on  the  post  or  in  adjacent  municipalities),  or  agricultural  products  such  as 
straw,  hay,  cornstalks,  or  native  prairie  grass  hay  mowed  from  the  post.  Mulches  will 
help  stabilize  soils  and  make  the  range  more  attractive.  Hay  mulches  can  be  applied 
efficiently  and  quickly  with  commercially  available  spraying  units.  They  may  also  help 
reduce  roadway  erosion  and  dust  generation.  Mowed  hay  (especially  when  its  content  is 
too  high  in  undesirable  plants)  could  be  used  for  erosion  control. 

6.  Suppress  all  wildfires  on  the  MPRC  during  the  fal)  to  preserve  a  winter  and 
spring  vegetative  cover  and  stabilize  soils  against  erosion.  Suppression  will  require 
developing  a  plan,  strategically  locating  firebreaks,  and  putting  together  a  trained  crew 
with  proper  equipment. 

7.  Maintain  all  stream  crossings  to  minimize  channel  and  stream  bank  degrada¬ 
tion.  Minimize  the  number  of  crossings  and  stabilize  banks  and  channels  with  vegetation, 
mulches,  gravel  or  riprap  if  necessary. 

Vegetation  Islands.  Maintain  "islands"  of  vegetation  to  preserve  local  native  plant 
species  that  could  invade  adjoining  disturbed  lands.  Islands  used  for  concealment  during 
military  training  activities  could  also  be  designed  to  guide  or  break  wildfire,  and  might 
attract  and  support  wildlife  species. 

Habitat  Reclamation.  Habitat  reclamation  with  native  plant  species  or  preserva¬ 
tion  of  existing  vegetation  and  topographic  features  could  reduce  vegetation  and  wildlife 
impacts  associated  with  construction  and  use  of  the  MPRC. 

Noxious  Weeds.  Undesirable  noxious  weed  species  may  be  controlled  in  several 

Ways. 


1.  In  target  locations  where  targets  can  be  obscured,  low-growing,  aggressive,  and 
persistent  species  that  respond  favorably  to  frequent  disturbances  should  be  planted. 
These  species  may  be  useful  in  any  location  where  "line  of  sight"  is  obscured  (e.  g.,  from 
shooting  stations  to  targets)  by  taller  plants,  such  as  the  common  weedy  species  that 
increase  with  soil  disturbance. 
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2.  Mowing  of  areas  having  noxious  weeds  or  plants  that  obscure  vision  may  be 
feasible  in  areas  without  large  quantities  of  military  debris  (ammunition  brass,  etc.)  that 
would  harm  mowing  units.  Mowing  in  mid-June  and  again  in  late  July  to  mid-August 
would  reduce  visibility  problems,  seed  production  of  undesirable  species,  fall  wildfires, 
and  soil  erosion.  Military  tracked  vehicles  could  be  used  for  mowing.  Alternatives  to 
mowing  include  pulling  vegetation  crushers  and  choppers  over  the  land  using  tined 
harrows  or  roller  chopper  units,  or  flattening  or  uprooting  vegetation  by  dragging 
weighted  chainlink  fences  over  it.  Experimentation  will  be  needed  to  determine  what 
works. 

3.  Herbicides  can  be  used  to  control  undesirable  species;  however,  chemicals  and 
application  methods  should  be  chosen  carefully  to  prevent  buildup  of  persistent  chemicals 
in  soils  (which  could  keep  desirable  plants  from  becoming  established)  and  to  avoid 
hazards  to  health  and  the  environment.  A  preliminary  recommendation  made  at  the 
workshop  is  the  herbicide  ROUNDUP  (RODEO)  applied  by  spot  application  with  a  direct 
contact  wick  applicator  system.  Broadcast  spraying  and  using  more  than  recommended 
herbicide  volumes  or  concentrations  are  undesirable.  Herbicides  should  be  applied 
several  weeks  before  undesirable  plants  become  tall  enough  to  cause  line-of-vision 
problems  or  several  weeks  before  they  produce  seeds.  Although  application  times  must 
be  adjusted  seasonally,  early  to  mid-June  may  be  most  appropriate.  An  advantage  of  the 
wick  application  method  is  that  it  is  subjects  only  the  tallest  weeds  directly  to  herbicide, 
while  leaving  the  lower-growing  plants  beneath  untreated.  This  may  be  an  effective  way 
to  favor  lower-growing  desirable  species  during  the  time  it  takes  to  eliminate  undesirable 
plants,  in  some  areas  use  of  herbicides  has  actually  eliminated  desirable  plants  and 
selected  for  weed  species;  thus,  the  effectiveness  of  a  herbicide  program  should  be 
monitored  closely. 

4.  Wildfire  (or  control  of  inadvertent  fires  produced  by  military  training  activities) 
could  be  used  to  control  undesirable  plants.  Fires  administered  in  late  spring  could 
destroy  undesirable  plant  seeds  and  seedlings,  and  select  for  fire-tolerant  native 
species.  Carefully  designed  firebreaks  and  guidance  systems  could  be  used  to  guide  fire 
into  desirable  locations  and  to  control  fire  at  undesirable  times  of  the  year.  Burnings  of 
the  entire  box  area  (4  x  6  km)  each  spring  could  minimize  dangers  of  uncontrollable 
wildfires.  After  the  fires,  removal  of  nonburnable  debris  will  greatly  facilitate  mowing. 

5.  Development  of  integrated  mowing  and  mulching  and  herbicide  and  burning 
programs  will  best  ensure  control  of  undesirable  plant  species. 

Snow  and  Ice.  Winter  snow  and  ice  management  of  the  MPRC  may  be  necessary. 
Targets  may  have  to  be  deiced  so  that  they  stay  or  return  to  upright  positions.  Drifting 
snow  may  have  to  be  plowed  to  allow  sightings  between  shooting  positions  and  targets; 
snow  may  also  affect  a  training  program's  efficiency.  Attention  should  be  given  to  berm 
placement  and  relief.  A  design  that  takes  into  account  the  direction  of  prevailing  winds 
may  cause  drifting  snow  to  pass  over  or  through  the  MPRC.  Emplacement  of  strategic- 
n.ly  located  snow  fencing  may  also  guide  drift  movements. 

Management  of  Dust.  Dust  generated  from  roadways  may  be  especially  important 
because  of  its  destructive  effects  on  the  tracked  vehicles'  turbo-charged  engines.  Vision 
problems  from  dust  are  less  of  a  problem  for  the  newer  tracked  vehicles  because  their 
higher  speeds  may  allow  them  to  outrun  dust  clouds.  However,  degradation  of  roadside 
vegetation  and  potential  vision  obstruction  (and  thus  safety  problems)  require  dust 
management.  Various  spray  or  tackifier  substances  that  have  been  tried  elsewhere  have 
been  found  to  be  both  expensive  and  a  short-term  solution.  Oils  and  tar  sprays  are  also 
effective  only  for  short  times.  Alternative  strategies,  such  as  the  use  of  mulches,  which 
are  relatively  inexpensive  and  easy  to  apply,  may  be  useful. 
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Wind.  The  persistent  windy  condition  of  the  MPRC  requires  regular  target  main¬ 
tenance.  In  the  past,  the  wind  has  dislodged  and  carried  away  targets.  Cabling 
stationary  targets  could  keep  any  dislodged  targets  in  the  immediate  area,  thus  allowing 
easier  maintenance. 

Guides  and  Lighting.  Firing  lane  billboard  guides  and  night  lighting  systems  will 
require  upkeep,  replacement,  etc. 

Road  and  Trail  Maintenance.  Regular  maintenance  of  roadways  and  trails  within 
the  MPRC  is  necessary  to  maintain  established  drainage  systems  and  ensure  the 
corridors'  sustained  use.  Road  and  trail  maintenance  should  focus  on  eliminating  water 
movement  on  the  roadways.  The  management  goal  should  be  to  maintain  crowned  road 
surfaces  and  bermed  road  shoulders  in  critical  locations,  especially  where  runoff  from  a 
road  surface  may  initiate  gullying  or  cause  a  washout  on  another  road. 

Weapon-Firing  Locations.  Management  of  weapon-firing  locations  on  corridors 
where  vegetation  will  be  or  has  been  denuded  by  muzzle  blast  will  be  required.  Areas 
subjected  to  frequent  flame-thrower  weapon  training  activities  will  require  special 
management.  Firebreaks  around  these  locations  may  control  wildfires.  Noncombustible 
ground  cover  materials,  such  as  gravel,  should  be  used  in  these  areas. 

Gullying.  Off-road  travel  corridors  that  begin  gullying  will  require  special 
management  attention.  One  sign  of  gullying  is  downcutting  of  tributary  confluences  with 
Madison  Creek.  Downcutting  will  be  followed  by  movement  of  gullies  away  from  the 
creek.  Large  pieces  of  rock  and  large  quantities  of  aggregates  will  be  needed  to  control 
gullying  and  headwall  cutting  of  erosion  gullies.  A  vegetation  buffer  strip  has  been 
proposed  along  Madison  Creek  and  other  major  aquatic  and  stream  systems.  If  off-road 
tracked-vehicle  travel  corridors  cause  runoff  to  move  through  the  buffer  areas, 
maintenance  crews  should  replant  corridors,  install  diversionary  berms,  be  prepared  to 
apply  mulches,  and  be  able  to  restrict  travel  through  the  corridor.  Vulnerable  areas, 
which  will  become  obvious  to  maintenance  crews,  should  be  managed  carefully;  some 
mechanism  for  restricting  vehicle  travel  in  these  areas  should  be  established. 

Erosion  Problems.  Maintenance  crews  should  watch  for  serious  erosion  problems 
that  threaten  continued  use  of  targets  and  roadways.  Maintenance  of  problem  areas  may 
require  seasonal  deferral  of  military  training  activities  in  order  to  rebuild,  reconstruct, 
or  stabilize  these  areas.  If  erosion  becomes  a  persistent  problem,  rotation  of  use  and 
regular  maintenance  may  be  necessary. 

Stream  Channels.  Construction  of  the  MPRC  will  involve  modifying  stream  and 
drainage  systems.  Maintenance  of  stream  channels  will  be  necessary  to  stabilize  new  and 
modified  natural  channels. 

Temporary  Training  Range  Maintenance.  During  construction  of  the  MPRC,  the 
temporary  training  range  (Range  18  Charlie)  will  receive  unprecedented  environmentally 
destructive  use.  Therefore,  a  maintenance  and  management  program  to  help  stabilize 
the  substrates  should  be  established. 

Shelling  Areas.  Maintenance  crews  should  reestablish  and  recontour  earth  berms 
associated  with  targets  and  areas  subjected  to  shelling.  Weekly  mulching  programs  may 
provide  the  most  effective  stabilization. 
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Environmental  Monitoring  and  Research 


Environmental  monitoring  has  already  begun  at  the  Fort  Riley  MPRC.  These 
monitoring  projects  have  established  a  database  on  the  characteristics  of  several 
environmental  parameters.  Followup  studies  in  the  same  locations  using  the  same 
methods  will  help  determine  environmental  trends  caused  by  natural  processes  and  by 
MPRC  construction  and  use.  Monitoring  can  also  pinpoint  where  specific  management 
and  maintenance  strategies  are  needed.  Monitoring,  experimentation,  and  research  can 
also  show  what  management  strategies  work  best  for  specific  circumstances.  Having  this 
information  wiil  save  time  and  money.  The  following  list  provides  suggested  monitoring 
subjects  and  strategies. 


1.  Changes  in  existing  environmental  conditions  resulting  from  MPRC 
construction  and  use,  and  from  natural  processes,  should  be  monitored.  This  should 
include  specific  programs  to  monitor: 

a.  Vegetation,  small  mammals,  birds,  and  soil  conditions  using  the  established 
study  sites  and  methods.  (This  will  repeat  the  studies  conducted  in  the  summer  of  1984.) 

b.  Erosion  problems,  sedimentation,  gullying,  and  surface  hydrological 
parameters.  Some  aspects  will  require  detailed  scientific  investigations,  while  others 
can  be  done  or  initiated  by  range  operators  and  military  personnel. 

e.  Vegetation  plantings  to  determine  erosion  control  success  and  the  benefits 
offered  by  different  planting  strategies. 

d.  Roadway  stream  crossings  in  the  MPRC  and  the  condition  of  stream 

channels. 


e.  The  status  of  undesirable  plant  species  and  the  effectiveness  of  control  or 
eradication  programs. 

f.  The  quality  and  volumes  of  water  and  sediments  and  the  condition  of 
aquatic  systems.  This  should  include  a  program  to  monitor  for  nutrient  enrichment, 
heavv-metal  toxicity  problems,  and  the  effects  of  hydrocarbons,  such  as  oil,  greases,  and 
combustion  fumes,  that  run  off  the  land. 

g.  The  progress  of  any  experimental  programs,  including: 

(1)  The  effectiveness  of  sedimentation  and  biological  filtration  pond  and 
basin  systems.  This  should  include  an  analysis  of  water  quality  and  sediment  quality, 
sedimentation  determinations,  and  studies  of  the  systems'  biological  conditions. 

(2)  The  effectiveness  of  mulching  programs  to: 

(a)  Control  roadway  dust 

(b)  Control  undesirable  plant  species 

(c)  Stabilize  target  locations  and  other  heavily  disturbed  areas 

(d)  Control  trackability  problems  on  main  roads  through  use  of  mulch 
to  reduce  mud  generated  by  tracked  vehicle  use  and  by  precipitation. 


(3)  The  effectiveness  of  experimental  planting  strategies  designed  to: 


(a)  Determine  the  best  soil-stabilizing  vegetation  composition  and 

species  mixtures 

(b)  Determine  which  plants  are  most  tolerant  of  soil  disturbance 
conditions  created  by  military  activities 

(c)  Determine  the  most  cost-  and  time-effeeitve  methods  of 
vegetation  and  soil  management. 

Further  Research  Seeds 

Workshop  discussions  identified  the  need  for  additional  research  in  several  areas: 

1.  After  the  final  MPRC  topography  is  constructed,  conduct  additional  hydrologi¬ 
cal  and  water-sediment  yield  modeling  to  pinpoint  problems  created  by  changes  in 
topography  and  drainage  systems. 

2.  Design  an  experimental  planting  program  to  find  out  which  species  of  plants  are 
best  suited  for  the  various  situations  created  at  the  MPRC. 

3.  Design  and  experiment  with  firebreak  and  fire  guidance  strategies. 

4.  Test  the  effectiveness  of  varying  widths  and  configurations  of  vegetation 
buffers  and  vegetation  belts  along  stream  courses  and  in  areas  believed  to  be  most 
vulnerable  to  erosion. 

5.  Study  sediment  loads  and  water  quality  conditions  created  by  MPRC  construc¬ 
tion  and  use  in  Madison  Creek  and  Milford  Reservoir.  This  should  include  studies  of 
potential  heavy-metal  and  enrichment  problems  associated  with  byproducts  of  ammuni¬ 
tion  explosions. 

6.  Study  the  ecological  effects  of  vehicle  exhaust  emissions  and  fumes  on  roadside 
vegetation  and  aquatic  systems. 

7.  Study  the  socioeconomics  of  hay-leasing  programs  on  the  post  and  the  effects  of 
the  MPRC  and  safety  fan  on  them.  This  should  integrate  the  relationship  of  the  MPRC 
with  the  post's  Fish  and  Wildlife  Office  functions. 

8.  Design  a  study  to  test  various  weed  control  measures  and  their  compatibility 
with  military  training  activities.  The  study  should  investigate  various  management 
strategies,  including  mowing,  herbicide  use,  the  most  advantageous  administration  of  fire 
to  control  plants,  and  the  use  of  mulches  to  smother  vegetation. 

9.  Study  the  environmental  impacts  at  "Range  18  Charlie,"  the  temporary  range 
being  used  during  MPRC  construction. 

10.  Study  MPRC  effects  on  the  water  quality,  sedimentation  rates,  and  biological 
impacts  of  the  Milford  reservoir. 

11.  Investigate  the  effectiveness  of  sedimentation  and  biological  filtration  pond  and 
basin  systems  in  minimizing  sedimentation  in  streams,  and  for  capture  (adsorption  and 
bioaccumulation)  of  MPRC-derived  pollutants  (heavy  metals,  explosion  byproducts, 
etc.).  This  program  may  be  able  to  use  existing  stock  ponds  as  control  sites. 
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The  workshop  participants  made  the  following  design  and  construction  recommend¬ 
ations: 

1.  Design  an  erosion  control  and  maintenance  methods  manual  based  on  Fort  Riley 
experiences. 

2.  Develop  an  integrated  maintenance/management  and  monitoring  program  for 
the  MPRC. 

3.  Develop  a  trained  dedicated  maintenance  crew  for  the  MPRC  and  adjacent 
properties. 

4.  Investigate  the  feasibility  of  minimum  use  of  restricted  corridors  for  off-road 
tracked  vehicle  use  around  the  MPRC.  Since  degradation  of  land  around  the  MPRC  may 
affect  the  complex's  functions,  it  is  advisable  to  implement  a  program  restricting  off¬ 
road  travel  within  1  km  from  the  MPRC  perimeter.  Additional  acreage  may  be  desirable 
in  the  most  vulnerable  areas,  such  as  along  Madison  Creek. 

5.  Develop  a  program  to  coordinate  deferred  use  of  critical  eroded  areas  in  and 
adjacent  to  the  MPRC. 

6.  Integrate  an  aerial  photography  program  with  the  USA-CERL  Geographic 
Information  System  for  monitoring  and  management  of  the  MPRC  and  adjacent  land. 
Low-altitude  aerial  photographs  in  color  or  color  infrared  could  be  monitored  throughout 
the  year  to  determine  erosion  problem  areas,  areas  in  aquatic  systems  that  are  receiving 
siltation,  vegetation  establishment  problems,  etc. 

7.  Develop  and  implement  a  fire  management  program  for  the  MPRC  and  adjacent 
lands,  including  the  entire  safety  fan  areas. 

8.  Determine  if  it  is  possible  to  partition  seasonal  use  of  different  areas  of  the 
MPRC  or  the  entire  range  to  minimize  environmental  impacts,  especially  when  the  range 
is  most  vulnerable  to  erosion.  An  example  would  be  using  flame-thrower  weapons  only 
during  wetter  times  of  the  year  when  the  chances  of  creating  undesirable  wildfires  are 
minimum. 

9.  Develop  an  education  program  and  in-field  program  of  displays  to  minimize 
damage  to  the  MPRC  during  night  training  activities. 

10.  Store  topsoil  that  is  displaced  during  construction  and  replace  it  in  areas  that 
will  receive  minimum  impact  during  MPRC  use.  Emplace  less  erodible  subsoils  in  areas 
that  will  only  receive  frequent  soil-disrupting  impacts.  These  heavier  clay  subsoils  are 
less  subject  to  erosion  and  will  remain  in  place. 

11.  Start  a  program  to  reestablish  riparian  and  edge  habitats  lost  to  construction  or 
MPRC  use. 

12.  Establish  target  locations  away  from  the’ most  sensitive  and  vulnerable  riparian 
locations  and  away  from  stream  channels.  Establish  berms  and  slopes  in  areas  that  may 
be  destabilized  by  maneuvers  away  from  principal  drainages. 
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13.  Reconsider  the  proposal  to  use  a  cement  pad  in  the  MPRC  lanes  for  tracked 
vehicle  turnaround  locations.  These  pads  will  likely  be  destroyed  very  quickly  and 
greatly  increase  MPRC  costs. 

14.  Stockpile  rocks,  gravels,  and  mulches  .'or  MPRC  maintenance. 

15.  Redesign  roads  in  the  MPRC  so  that  they  do  not  cut  directly  across  contours 
from  uplands  to  lower  areas.  Consider  reducing  the  length  and  straightness  of  steeper 
roads,  because  these  will  contribute  to  erosion  problems. 

16.  Where  possible,  investigate  and  mitigate  any  potential  noise  problems  created 
by  MPRC  operations. 

17.  To  minimize  washing  and  erosion,  revegetate  all  ditch  and  roadside  drainage 
corridors  with  wetland  plant  species,  including  cattails,  sedges,  and  other  locally 
available  plants. 
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Selected  Examples  of  Maps  Produced  by  GRASS 

These  examples  are  provided  on  a  limited  basis  to  installations  that  have  or  plan  to 
have  MPRS.  They  are  also  provided  to  selected  U.S.  Army  Corps  of  Engineers  on  other 
Army  agencies  that  are  involved  in  design  or  construction  of  MPRS.  Refer  to  Volume  I, 
pages  12-17  for  description  of  the  Fort  Riley  database. 

Map  1  is  an  example  of  using  the  GRASS-grid  system  to  combine  maps  from  two 
different  sources.  The  map  includes  a  LANDSAT  image  from  7/11/83  derived  using  the 
GRASS  imagery  subsystem.  The  image  simulates  a  color  infrared  photo.  Next,  the 
digitized  boundaries  of  the  installation  and  the  MPRC  study  area  were  overlaid  on  top  of 
the  image.  To  enhance  the  visibility  of  water  bodies,  the  GRASS-imagery  system  was 
used  to  classify  the  LANDSAT  image  and  produce  a  landcover  map.  From  this,  water 
bodies  (lakes,  reservoirs,  and  rivers)  were  extracted 

and  overlaid  on  the  new  map.  Finally,  labels  and  lines  representing  installation  and 
county  boundaries  were  added.  The  map  was  produced  by  making  a  copy  of  the  screen 
and  sending  the  file  to  an  ink-jet  printer. 

Map  2  is  an  example  use  of  the  Distance  program  of  GRASS-grid,  which  creates  a 
new  map  of  distance  zones  based  on  other  maps.  Here,  the  Distance  program  was  asked 
to  create  a  new  map  with  distance  zones  of  0  to  50  m  and  50  to  125  m  from  streams. 
Using  the  program  Paint  Map,  the  new  map  was  printed  on  the  ink-jet  printer  at  a  scale 
of  1:30,000  with  streams  (blue  lines),  roads  (red  lines),  the  MPRC  area  (black  rectangle), 
and  a  1-km  grid. 

Map  3  is  another  example  of  integrating  image  data  and  hardcopy  map  data.  Here, 
a  scanned  aerial  photo  is  used  to  produce  a  landcover  map  in  the  GRASS-imagery 
system.  Then  the  soils  map  is  reclassified  and  masked  to  show  erodible  soils  within  the 
MPRC  training  area.  This  is  then  overlaid  on  the  landcover  map,  and  roads  are  added  to 
show  possible  conflicts.  The  screen  image  is  then  saved  and  printed  on  the  ink-jet 
printer. 
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